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EYXAPIETIEX

H dielaywyn kor n mepaiwon poag o10axtopixng oatpifne amotedel oxlnpn oAl
OVYYPOVIIS ETOLKOOOUNTIKY EUTEIPIQ. ATOTEAEL TOV KOPTO WPOCWTIKOD aywva, 0ALG Kol
oVYYPOVIIE KOl GVVOPOUNG KOl DTOOTHPIENS TOAADY avOpdmwv, atovg omoiovg BéAwm va ekppdow
™V ELMKPLVH EDYVOUOTDOVH HOD.

Apyixa opeilw va evyopiothow v vredBovy e ddakTopiknS oloTpifne rov, Inga
Siden-Kiamos, yia v svkaipio mov pov édwoe va acyolnbo e évo 1660 evol0pépov Kol
Tpwtotoro Béua, ™) ovveyn vTooTHPICH, YEVIKOTEPY ovumapactoot, kaboonynon, exifleyn, Kol
mv apoyn ovvepyooio. OAa 600 ue didals ue Opeln kot evolopéPov Kol 01 TOAVTIUES OCVUSOVAES
™me nrav kai Go. Vol yio uEVO TNYH EUTVEVTHG.

Oa nbeia vo evyopiotiom to uéln e tpLuelods emitporys pov X. Aedivaxy, 1. Bovra
ko 10waitepo. tov X. Aovy. H kaBodnynon, o1 emiotiuovVIKES dOUPOVAES TOVS Kol 1 OuETH
emxovavia pag nrav oquovtiky. Me fonbnoov vo aviorelédbw, 1010itepa t0 Tp@To d00oKOLO
0160t EKTOVHONS 0TS THE ueAétns. EmmAéov Oepuéc svyoapiotics Oo n0sia vo exppdow rat
ota VIOAOITO, AN TNG emTOUEAODS eCeTaoTikng uov emtponng: A. AAeCavopaxn, I Xalemarn
xoi 1. Zrpovumoddy, yio v mpoBoun copueTox TO0S OTY KPLon THS O100KTOPIKHG L0V O10TPIPHG.

Aev Bo. umopovoo. va unv evyopiotiiow 10iaitepa v Eleva Agliyiavvy, yioo thv
OVVEPYATIQ THG, THV EKTOLOEDGN TOD UOV TOPEIYE, THYV OUEPIOTH CUUTOPOOTOCH O ODOKOAES
otyués kar v gidia g ITloAld evyopiotw kor otnpv Chiara Curra yio ti¢ emiotnuovikés
oV{NTHOEIS TOV KAVOLLE, TIG OOTEIES OTIYUES TTOV OV YGPLOE Kal YUOIKG TNV gLAia tns. Oa nbela
emiong va evyopiotiiow v Rhiannon Morgan yia v Bonbeio oo mpdrta Briuata, arié kot ta
ylvka s, Evyoapiota tovg teyvikois pog Aevtépn Zravo, yio thv ey viky vmoatipién Ao ovta
0. ypovia, kot v Zogio Kapopov wov fpbe mpocpozo aro epyaotiipio. H mapovoia tovg gival
onuovtikn. Evyoplotw emions 0A0vg T00¢ QOITNTES TOL NTAV 1 EIVAL OTO EPYAOTHPIO, LOLAITEPO.
mv @paviéorxa Niko koi v Eipnvy @axovpeln.

Evyopiora tovg pidovg puov Néva kar Aviadvy mov 5tay exel o6 TOALES EVYOPIOTES OTIYUES
othv {1 LoV 0AAG Kol 08 ODOKOAES OTIPUES ATOPATEWV.

Ouwg, 10 WO UEYGAO «EVYOPIOTOY» OIKOIWUATIKG TO OPEIAW OTHY OIKOYEVEIG HOD.
Evyopiotd wold tovg yoveic puov, AAEko kar Aéamoiva, yia. TV GUVEYH CUUTOPAOTACH KOL THY
oydrn tovg. 1'1avvn 1o, evyopiotd Tov ue KoTaAOSaIVEIS Kol TIOTEDEIS O€ UEVO, XWPIG ECEVO. OEV

Oo. eiyo. v ovvaun v, ovveyiow. Evyopiotd!
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HEPIAHYH

H dSwrpn €xer ©¢ okomd v HEAETN TOV OTOdI®V TOV TOPAGITOL TNG
ghovooiag mov Aapfdavovv ywpa oto kovvovml. To amoteléopato ywpilovtor oe
TEGGEPU KEPAALO. LTO TPMOTO KEPAANLO PEAETNOAUE TOV UNYOVIGHO TNG ££000V TOV
mopacitov and 10 KOHTTOPOo EEVIoTN KOt TV Youetoyéveon. Ta mapdcito siofdiovy
ota epuhpoKvTTOP TOV aipaTog Kot apyilel Evag KOKAOG omd Un QUAETIKA GTAOLM, EVD
Kkdmota Oa dtapoponombBovy ce apoevika kot OnAvkd yopetokdtrapa. Me v £i6000
TOV TOPAciTOV o010 KovvoLml Eekivdel 1M youetoyéveons, oniadn mn omuovpyio
apceEVIKOV Kot Onivkav yapetdv. Kpiowo onueio oty yapetoyéveon oamoteAel
¢€€000¢ TOVL Tapacitov amd To epuhpoxvTTAPO, HE TNV PREN TOV VO UEUPPOVOV TOV
nepPdAlovv 10 Tapdotto, TV peUPpdvn Tov Tapacito@dpov kevotomiov (PVM) kot
mv pepPpévn tov gpvBpokvttdpov (RBCM). Me v kataypaen g 5600V TmV
TOPACITOV O TPAYHOTIKO YpOvo kot pe tv péBodo Tov  avosoPOOPIGLOV
OTOKAAVYOLE TEGGEPLS OLOKPITEG PACELS. Apyikd TO €pLOPOKLTTAPO OLOYKDOVETAL, M
PVM dwappnyvidetor kat oynuotifel kvotidw, évag Hovadikdg Topog avoiyel otnv
RBCM kot akorovBel n prién g RBCM kot 0 oymuatiopog kuetdiov and avtiyv. To
devTEPO KEPAAO £xEL G BENa TN Agttovpyia TG aKTivig 2, TG 0€VTEPNG IGOUOPPNG
axtivng tov mapacitov. H axtivn 1 glvon arapaitntn yio 0Aa ta 6TAd0 TOV KOKAOL
Cong evad N aktivn 2 glvan omapaitnn yio TNV YOUETOYEVEGT TOV OPGEVIK®OV. Mg TV
YEVETIKY aVTIKATAGTOON TG aKTiving 2 pe v aktivn 1 dei&ape 6Tt 01 500 100HOPPEG
&xouv Eexmplotég Asrtovpyieg OTNV YOUETOYEVEST KOl OMOKOADWOUE €vol O€VTEPO
Kpio1o pOAO NG aKTivNg 2 6NV aVATTLEN TOV WOKVGTOV GTO EVTEPO TOL KOVVOLTLOV.
O molvpeplopdc ™G akTivng eivarl onuavtikog yoo v Asrtovpyia Tg. Xt0 Tpito
KEPAANLO TOV OMOTEAEGUATMV, 1) OVIIKOTACTAON TNG OKTIVIG 2 e YLLOPIKES LOPPES
g aktiving 1 €de1&e O6TL 0 moAvpepiopdg ™G axtivng 2 eival amopoitntog yio v
YOUETOYEVEST] TOV OPGEVIKMOV OAAN OEV OPKEL Y10 TNV AVATTLEN TOV WOKLGTMV. XTO
TETOPTO KEPAAOLO TOV OUMOTEAEGUATOV LLE LIKPOGVOTOLYIES YOVIOIWV TNPOLE TO TPOPIA
NG YOVISLOKNG EKQPOACTG GE YOUETOKVTTAPO OOV amovctalet gite 1 aktivn 2 gite M
acPeoto-e&aptdpevn kwvaon 4 (CDPK4). Bpébnke évag onpovtikodg aptipds Kovov

KOl OLOPOPETIKAV YOVISI®MV LE O1apopd TNV EKPPOCT GTO VO UETUALAYLOTAL.



ABSTRACT

This study focus in the mosquito stages of malaria parasites. The results are
presented in four chapters. The first chapter describes the mechanism of gametocyte
egress from the host erythrocyte during gametogenesis. Malaria parasites infect
erythrocytes and initiate a series of asexual multiplication cycles or they develop into
female and male gametocytes. The production of female and male gametes, known as
gametogenesis, takes place after uptake by the mosquito. The parasite egress from the
host erythrocyte during gametogenesis involving sequential rupture of the membranes
of the parasitophorous vacuole (PVM) and erythrocyte (RBCM). We present detailed
observations of these events in real time using high-speed video microscopy and
immunofluorescence assays. The first sign of egress is swelling of the host cell. The
PVM ruptures and vesiculates. This is followed by the opening of a single stabilized
pore of the RBCM. The RBCM is subsequently vesiculated, releasing the gametes. In
the second chapter we study actin 2, one of the two actin isoforms in malaria parasites.
Actin 1 has a vital role in all developmental stages, whereas actin 2 is essential in male
gametogenesis. By genetic replacement of actin 2 with actin 1, we show that the two
actin isoforms have distinct functions in male gametogenesis and we found an
additional essential role of actin 2 in oocyst development. The function of actins
depends on the polymerization properties. In the third chapter, replacement of actin 2
by chimeric actin 1 revealed that polymerization of actin 2 is necessary in
gametogenesis but is not enough for the oocyst development. In the fourth chapter,
global expression profiling reveals shared and distinct transcript signatures in arrested
act2(-) and CDPK4(-) gametocytes.






KE®AAAIO 1
Ewoayoyn



1.1 Mlpotéloa

Ta mpotdlwa elvar éva LVTOGUVOAO T®V HOVOKVTTOP®V EVKOPLMOTIKAOV
OPYOVICH®V. AEV QEPOVV KLTTOPIKO TOlY®LA, SBETOVLY £va TOVAAYLIGTOV KIVOUUEVO
0TAd10 GTOV KUKAO (MM TOVG KOl To TEPLOCOTEPA TPOSAAUPEVOLY ETOLUN TNV TPOON|
toug. TloAdd €idn mpotolwwv ovv cvpfrwtikd pe GAlo {da, @uTd, akdun Kot

tpotélma. Ot oy€oelg Tovg Kupaivovtol amd apoBotdTnTo, OLOGITIGUO 1| TAPAUCITIGHO.

Mo peydn opddo mapaoitikov tpomté{omv amotedovv ta Apicomplexa.
Ewoépyovtar 610 wvtTapo Eeviot) Omov Tpépoviol kot ToAAAmAacldlovtol Kot
e&épyovion amd avTO, KATAGTPEPOVTAS TO, MOTE VA TPOSPaAiovy véa kuttapa. Ta
Apicomplexa cuprepilappavovy meptocdtepo omd 6000 1o kot TopactTodV o€ TOALY
ovia Comv (Adl, 2007). Ta moapdoito ovTd £Y0VV HOVOSIKES EVOOKVLTTUPIKEG OOMES
(Levine, 1973) mov yopoktmmpilovior g akpoio oOumieypo, Pdomn tov omoiov
amodoOnke o 6pog Apicomplexa. Avtég ot dopég eivar VYNAG cLVTNPNUEVES HETAED
tov Apicomplexa. Qot660 VIAPYOVY TEPITTOGEIS TOL EUPOVILOVTOL TEPLOSIKA GTA,
dtpopa oTdodl Tov KOKAOL (NG, Omwg Yoo Tapddstypo ota pepolwidla Kol GTo

omopolmidio (Brockley, 1989, Aikawa, 1967).

To akpoio cOumieypo amotedeitor amd SOUIKA Kol EKKPLTIKG GTOXElR OV
Bpiokovtonr 610 gumpdcoblo TUNUO TOV KLTTAPOL KOl CLVTIEAEL otV €16POAY ©TO
kottapo Eeviot (Gubbels, 2012, Baum, 2008). Ta dopukd otoiyeion fonbodv ctov
TPOGOAVOTOAIGHO TOV KVTTAPOL Kol €ivol TO EMIKEVIPO Yl TO EKKPITIKG Opyavidia
(mkpoviuoato kou pomtpa) (Carruthers, 1997). To mepieyOUevo TOV HWKPOVIUAT®V
eKKpiveTon Tptv TV EIGPOAN Kol KAAVTTEL TO TAPAGITO LE TPWOTEIVES TOL SIEVKOAVVOLV
TNV TPOGKOAANGT GTO KOTTOPO EEVIOTI, TNV Kivnor Kot GUUPBAAAOVY GTNV €veon e
™V TAACHOTIK pepPpdyvn Tov Eeviot péom tng omoiog o €16€A0eL T0 TapdoiTo.
Katd v eiofoln ta poémTpa exkpivouv ko dAla otoryeio, OTMG TPMOTEIVES Yo TO
TOPOGITOPOPO KEVOTOTIO, LEGH GTO OTOL0 OLOUEVEL TO TOPAGLTO KO TPOCTATEVETOL OO

70 KOTTOPO EEVIOTT).

Ta Apicomplexa givor gvdokvttopikd mapdotta Kot 1 KavOTNTd TOLS Vo

noAlamiacidlovtol péca oe dlapopetikd mepiBdAlovia mov kabopilovrar amd tov



TOTO TOL KLTTAPOVL EEVIOTY], Elvatl Kpiowun Yo TNV Taboyévela Tov Tapacitov. Aol To
TOPAGITO EIGPAAEL EMTLYMOG 6TO KVTTAPO-EEVIOTN, TOALATAOGIALETON KOt oynuoTiCet
Buyatpucd Tapdotta. O kokhog (mNng eivor TepimAokog Kot VTAPYOVY TOAAES SLUPOPES
neta&d tov Apicomplexa. Kamow otddio pmopei vor €lvarl QUAETIKG Kot KATolo un
QLAETIKA, av Ko Kamoto, Apicomplexa pmopei va mapodeimovv 10 éva 1 T0 GANO.
Heviotég elvol mOAAG €101 OTOVOLA®TOV Kol OGTOVOLA®V ([MOV KOl GE UEPIKES
TEPIMTAOCELG TTapotnpeital evoariayr Eeviotov. Optopéva otddo Tov KOkAov (oNng

OAOKANpOVOVTOL GE £vay EgVIOTT Kot Kamoo dAAA 6€ GALO.
1.2 Plasmodium: to wopacitiké Tp®Tolmo TS ELovociag

To mo yvootrd mapacitikd mpmtolwo ota Apicomplexa eivar 1o yévog
Plasmodium tov omoiov ta €i01 TPOKAAOVV [0 GNUAVTIKT LOAVGLOTIKY 060EVELD TOV
avOpamov, v ehovooia. To yévog Plasmodium avrkel otnv owoyévela Plasmodidae,
otV té€n Sporozoa kat oto evAo Apicomplexa. To yévog Plasmodium mepieypdonke
Yo Tpd™ Popd to 1885 amd tovg Marchiafava ko Celli. Méypt onuepa €xet Bpebdei o1t
070 Yévog avTo avijkovy Tave ard 200 idn (Chavatte, 2007, Rich, 2006). TovAdyiotov
déxa €idn poidvouvv tov avlpwmo. Ta mo yveootd €idn mov mpokaiodv v grovocia
otov avbpwno givar to P.falciparum, to P.vivax, to P.knowlesi (omévia), P.ovale kot
1o P.malariae. To P.falciparum mov gvtoniletat kupimg oTic vrocaydpleg TepLoyEg TG
Agpikng kot to P.knowlesi mov evtomiletar kupimg 6NV votloavatolky Acia givol

e€apetikd emkivovva.

Allo €idn tov yévoug Plasmodium poivvovv {da, 0nmg movAid, epmeTd Kot
TPOKTIKA, v Ttepimov 30 €idn poAvvVovY dAL €101 TPOTEVOVIMV EKTOC TOV avOpOTOV
(Baird, 2009). Ta mapdoita tov Onlactikov meplopilovial oTig OVTIAOTEG, TOVG
AepoHPLOVG, TIG VUYTEPIOES, TOL TPOKTIKG KOl TO TPWOTELOVTIQ, EVED OEV VIAPYOLV GTA
AAOVPOELST, OTA KVVOELDN, oTa GAoya 1 Ta. B00EdN Yo dyvwotovg Adyovg (Banister,
2009). Agv vapyovv evoei&elg 0Tt Ta TOPAGLTA TOL LOAVVOLV GAAL €101 TPOTEVLOVT®V
N dho {da givor LoAVGUATIKA Yo Tov dvBpmmo, ektdg amd to P.knowlesi. Tlopdotita
€AOVOGIOG TOV LOAVVOLV TPOKTIKE Y¥PNGLOTOIOVVTOL EVPEMS MG LOVIEAN GTOV TOUEN

™G épevvag, 0nwg to P.berghei (Mlambo, 2008).



1.3 Metadoon tov Plasmodium péom kovvovmi@v

Ta mopdotta petadidovol and to eviiike kovvovmio Tov yévoug Anopheles
OV OMOTEAOVV  €vOLduecovg Eeviotég tov mapoacitov. Ta OnAivkd kovvovTa
ypedlovTon yeh T oipLotog oL Elval amapoiTnTO Y10, TNV TOPAYWYT TOV VYDV TOVGE.
"Etot 0tav ToUmovy va LOAVGUEVO GTOLO, TO YEVUO OULOTOG ATOTEAEL TOV GUVOETIKO
Kpiko HETAEL TOV AVOPAOTOL KOl TOL KOLVOLTLOV GTOV KOKAO (mNg Tov Tapacitov. Ta

KOVLVOLTLOL TOV PEPOVV TO TOAPAGLTO TNG EAOVOGLNG OEV VTOPEPOVY Ad TNV acBEveLa.

To yévog Anopheles ohokAnpdverl Tov KOKAO {ONG TOV 6T TAPAKATO GTASLL
avamtuéng: To 6TAd10 TOVL YO, TEGGEPA. TPOVOUEIKG otddta (larva), to otddio g
vopen (pupa) Kot To eviAiko. Xta Tpia TpdOTO (YA, TPOVOUPES, VOUPES), N avamTuén
yiveton 610 vepo kot dwopkel 5 pe 14 mepimov nuépeg, KAt mov e€aptdtar and 1o €100g
TOV KOLVOLTIOV KOl TI§ GLVONKEG OV eMKpatovV, Onmg 1 Beppokpacio. Ta OnAvkd
EVINAIKO, KOLVOVTILO TTOV €lval POPElS TOV Tapacitov TG EAOVOGiag uropovv va {eovv
TEPIOCOTEPO OO £V UNvaL 1] Kol TEPLocOHTEPO o€ cLVONKEG epyaotnpiov. Opmg otnv
@von 1 emPioon egoptatat and v Beppokpacia Kot v vypacio, oAAL Kol oo TV

KOvOTNTA TOVG VL e£06QAAMGOVY €val YED LA OiLOTOG.

- . - ¥ i 3 sinensis
labranchiae 'f" -Tsad,‘a?bvi ¢ 4 i X ¢

. ergentii multicolop 0 ) 2 anthropophagus

ha . I ]

funestus and arabiensis | i

nes

and gambiae 5., fune:

melas:

pseudopunctipennis

Anopheles (H\‘\‘ .

No vector ") funestus and arabiensis @ melas @ pulcherrimus
' albimanus - barbirostri funestu: biensis and \bi ) messeae @ quadrimaculatus
annularis - culicifacies funestus and gambiae s.s. minimus - sacharovi

@ anthropophagus @ dirus @ gambize ss. multicoler @ sergentii
@ arabiensis farauti 7 gambiae ss. and funestus @0 nunez-tovari @ sinensis
@ arabiensisand funestus < flavirostris labranchiae v puncrulatusgroup @ stephensi
@7 aquasalis @ fuviatiis @I maculatus @ pharoahensis @ sundaicus
atroparvus freeborni @l darlingi and marajoara @ pseudopunctipennis @ superpictus

Ewova 1.1.Teoypoa@uki] Katavop] @opEmv Kol SuVITIKAV @opimv TG ehovooiac. (Kévtpa EAéyyov
KoL TpOANYN G voonpudtmyv, http://www.cdc.gov/malaria/about/biology/mosquitoes/).
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Ano ta mepinmov 430 161 KovvovTdV OV aviKovy oto Yévog Anopheles, udvo
30 pe 40 eivon @opeig kar dvvnTikol Popeic Tov Tapacitov oty evon (ewova 1.1,
Kévtpa EAEyyov ko mpdinymc voonudatov). H ehovooio petadidetot amd diopopeTikd
€ldn avdroya v meployn kot to mepiBdAlov. Ta kovvodmo mov peETOSIOOVLY TO
TapAc1To Ogv PpioKovTal LOVo Ge TEPLOYES EVONUIKEG TNG VOGOV, OAAN KO GE TEPLOYES
mov M ehovooio €xel eCarelpfel. Avtég ot meproyég eivor awénuévov Kivdvvov yia

EMAVEUPAVIOT TNG VOGOV.
1.4 H €hovooia
1.4.1 Emdnpoioyia Tng elovosiog

H ghovocia amotelel TNV mo onUovVTIKN TapactTiKy AoiLmEN Tov avBpdmov pe
TOYKOGLLOL KOTOVOUN OTIS TPOTIKEG KO VTOTPOTIKES TEPLOYES, OAAG KOl OPIOUEVES
evkpoteg Coveg. [ToAlol elvar ot mapdyovieg mov kabopilovv TV EmMONUOLOYIKN
ewova ¢ erovooiag. Tétoleg TapaueTpot eivon 1 avooio (KAnpovopukn 1 eniktntm),
ot ovvOnkeg LoNg, ol HETOKWVINGEIS TOVv avOpdmivov TANBvouod, To dNUOYPUPIKE

OEOOUEVOL K.ATT.

v Evponn vmpye ehovocio oe TOAEC TeployEg pueypt ) dekaetio Tov S0.
To 1955 &Eexivnoe pia tepdotio Tpoomdadeio yio v €AY TG VOGOV G TOAAES
TEPLOYES TOV TAAVITY, cvureptAapPavopevng kot e EALGdoc. H mpoomdbeia avtn
opyavoOnke omd tov Ilaykéopo Opyoviopd Yvyeioag (IIOY). IleprerdPave
QOPUOKEVTIKN Oy®YN Y TOVG 0GOEVEIG KOL TNV GUGTNUATIKY] KOTOTOAEUNOT TOV
Kovvourm®v  @opéwv. To mpodypoppa ovtd otnpiytnke ota eIMVE  @dappoko
(chloroquine) ywo Tovg acbeveig Kot v gvpvtatn ypnon tov eviopoktovov DDT. Avt
N TPoomAdEIn TOV ATOTEAEGLATIKY] Kot 1) acBévela exkprlmOnke amd v Evponn. Qg
arotédeopa 1 EALGda knpOytnke 10 1974 «ymdpa eAedBepn ehovosiocy. Amo tdte HOVO
eloayfévta Kpodouato £(0Vve ELPAVICTEL OTNV YOPA UaG, dNAad amd GTOpN TOv
elyave poivvlel otov e€mtepikd (petavdoteg 1 TaEdunteg). Opmg ta tedevtaio ypdvia
EMOVEUQOAVIOTNKE  EYYOPLO. HETAOOON 0 O1popeg MeEPLOYES TV YOpag (PA.

http://www.keelpno.gr). Ot autieg eivon mowkideg, aAAG 1 KLPLOTEPT Otia efvon OTL TOL



KOVVOUTILOL TOV UETADIO0VV TNV VOGO vonpovv oe 0An v EALGSa, Kot ot KAOTIKES

oAAayEG Ko 1 EAAELYT GUGTNULATIKTG KATOTOAEUTONG ELVOOLV TNV AVATTTVEN TOVG.

e moykoouo eninedo extipdron 6t 3,2 dioekaToppvpio dvOpmmot e 97 yopeg
Kot €04pN £govv mOavOTNTA Vo LoAvvOoLV pe Tapdoita TG elovociog (swova 1.2).
1,2 dioekatopppilo GvOpmTOL 0viiKOLV 6TV OpAde VYNAOD Kvdvvov, dnAadr Exovv
mBavotnta peyorvtepn omd 1 oto 1000 va vooricovv pe ehovocia péca og £va xpovo.
XOppova pe TG teAevtaieg eKTUNoelS, péso oto 2013 vimp&av 198 exatoppdpo
MEPUITAOGELS EAOVOTiog TayKoouimg Ko 1 acBévela odnynoe oe 584.000 Bavdarovg,
TapoVGALovTag HEIMON GTO TOGOGTA ELPAVIONG TNG EAOVOGTNG Kot Bvynoiudtntag amod
10 2000. Qotoco, chppova pe tov Iaykoécsuo Opyovioud Yyelag, to peyardtepo
1060010 favatwv eival otig meployés g APpikng katl to0 78% OAwv tmv Bavitov

agopd moudid katm tov névte etmv (World Malaria Report 2014).

o

Confirmed malaria cases per 1000 population
Bl -0 10-50 0.1-1 No ongoing malaria transmission

B 50100 1-10 | 0-01 Not applicable Source: National maidria contiol programme reparts

Ewcova 2.2. Xdpes pe svveyng petddoon g ehovosiag o 2013. (World Malaria Report 2014).

1.4.2 Zoprntoporta

H nepiodog endaong towv mapacitov ota nratikd KHtropa Kopoaiverol ard 8
éwg 25 nuépeg (Fairhurst, 2010). Xtehéyn tov P.vivax amd OpiopéveS YEMYPOPIKES

TEPLOYES EXOVV TEPIOO0 EMMAONG HEYPL Kol Eva xpovo. Ta apyiKd copmTdORaTe TNG
9



elovocoiag elval 0 TOVOKEPOAOC, 1 aTovia, 0 TVPETOHS, N EPIOPMOT, EUETOVE, TKTEPOG,
OLLOAVTIKY avopio, opoceopivi oto ovpa, AEDKAVOTN TOVv OUEIPANCTPOEB0VS Kot

{om¢ KATO10VE TOVOVG 6T0, 00TA Kot Tig apOpdoeic (Bartoloni, 2012) .

O mopoéuopdc g elovooiog eivor éva SpapaTIKO YEYOVOS HE KULKAKN
eUQavion TV copmtopudtov. Apyilel pe kpuadeg Kol piyog Kol KATAANYEL GE TVUPETO
Ko €@idpmon. Xtov tprtaio moupetd otig Aowwméelg and ta P.vivax, P.ovale kot
P.falciparum (kaxondng tpitaiog), n epeavion Tov cvuntoudtov yivetar kabe 600
LEPEC, EVA OTOV TETAPTOIO TLPETO oTIg AomEelg omd ta P.malariae to copntopota
eppaviCovtor kade tpeig pépeg (Ferri, 2009). To P.falciparum pmopei va tpookoArdtot
OT0.  TOYOMUOTO  TOV  HWKPAOV  opopwmv  ayyeiwv.  Xmv  glovocia
TOL TAOKOVVTO TOPOVCLALeTal amoepaén Tov wkpav ayyeiov (Mens, 2010), evo ta
OLGCMPEVUEVO €pLOPE CHOCEAIPLOL SOTEPVOVV TOV OLUOTOEYKEPOAMKO PPayrd Kot

TPOKOAOVV £yKe@aALKN eAovoaio (Renia, 2012).
1.4.3 O¢gpancia.

H Bepoancia g ghovooiag Paciletor oto avBehovootakd dbdppaka IOV EYOVV
oTOYO TIG €VOOEPLOPOKVLTTOPIKEG LOPPEC TOV TOPOCITOV, TIG eEMEPLOPOKVTTAPIKES
Hopég Kot to yopetoktova. H mo amotelespotiky uéypt otryung Bepameio yio
uorvvon and to P.falciparum givar n ypfion g aptepioivng 6€ cuvovAGHO e AN
avbehovooiokd (yvoot) og ACT) (Kokwaro, 2009). Avetoydg 1 avOekTikotnTo 6T0
eapuoko omoterel Eva avéavopevo mpoPAnua ot Oepamneia Tng eAovosiog tov 210v

awwva (Sinha, 2014).
1.4.4 IIpoiqyn

Inuoavtikd Papog divetal onv TpoOANYN Kot epappolovrol dStapopo LETPO Yo
tov €heyyo g €lovooiag. H palikn Oepameio €xer g okomd v e&dhieym tov
nopacitov and tov avlpomo. Eva onpoviikd pétpo eivar o meplopiopdc Tov
mANBuopov TV Kovvoumimv. H kotamoAéunon tov kovvoumidv pe ynukd, foloyd,
mePPaArovTIKA pEca NTav 1KoV Vo eKpidoel TNV eLovocio og TePLoyEg OTOV £yve
CLOTNUOTIKA KOl HOKPOYPOVIA, OAAG [LE LEIOVEKTNO TO HEYAAO Kol GUVEXEG KOGTOG.
Ov  enefepyoocpéveg e  EVIOHOKTOVO  KOUVOUTEPES KOL O  EC0MTEPIKOC
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yeKaoPog eaivovtal va etval 1010itepa amoTEAECUATIKEG LEBOSOL GTNV TPOANYN TNG
ehovooiog (Enayati, 2010). Emiong yivovtor mpoomdbeleg yio ) upeimon Ttov
TPOVOLPOV HECH TNG HelmoNe ™S StofecIUdTNTOG TOV CTACIU®V VEPADV GTO OOl
AVOTTOCGOVTOL 1| LEGM TNG TPOGONKNG OVGIAOV TOL SVGKOAEHOLV TNV AVATTVEN TOVG

(Tusting, 2013).

Ta epuPoiia Katd g eElovooiag amoTeloVV £vo, SVGKOAO GTOYO NG £PEVVAG, O
omoiog axopa dev &yet emrevyOel. To mpdovo oG amd TNV €VPOTAIKY PLOGTIKA
apyn eapudkwv édape to 2015 to mpdTo gufoito (Mosquirix, RTS-S) pe tn ovotaon
va ypnowomomBel yoo Bpépn omv Aepikn, To omoio Kvdvvedovv amd TN vOGO.

Qo1660 10 gPPOMO TapEYEL LOVO PUEPIKT| TPOCTAGTIN, KO EYEL LYNAO KOGTOG.

Mia véa oTpaTnyIKN KOTATOAEUNGNG TG VOGOV £ivol 1) AeyOLEV TAPENTOOLGT
m™m¢ petadoong (ITTM) (The malERA Consultative Group on Drugs, 2011) mov
Bacileton otV @oppokevTikn aywyn (M epporacud) otov avBpwmo pe okevdouato
7oV Ba TaPEUTOSICOVV TO TAPAGITO VAL OVOTTLUYTEL GTO KOLVOLTL. ATO T OvOTTLELOKEL
OTAOL0 TOL TOPAGITOV GTO KOLVOUTL £(EL GNUEPA XOPAKTNPIOTEL VG TOAD KPOG
aplOUOg TPOTEIVOV TOL UITOPOVVE BE®PNTIKA VO ATOTEAEGOVYV GTOYOVS Y10, TETOLEG
puebooovg IITM. Ilepdpata oe mepapatolwo €xovv emPefordost 60Tt 1 PEBOS0G
umopet va givan amotedespatikny. Opmg yioo tnv mpomOnon g pebddov, yperdlovio
TOAD TEPIGGATEPES YVAOCELS YO TIS OlEPYAGIES TOV TMOPAGITOL, YO TO, UOPLOL TTOV
eUTAEKOVTAL, KOOMG €MIONG KO 1] OVATTUEN OMOTEAECUATIKMOV OOKILOGIOV Y10, TNV

€0PEOT AVOCTOLE®V.
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1.5 Kvkhrog {ong Tov Tapacitov

| SEXUAL
o| | STAGES
i

STAGES

ASEXUAL
ERYTHROCYTIC
STAGES

HUMAN

— (39,

4 & .-' :.-
: \\‘__ Invasion _ g.@ﬁ @ ..' -

o ) Folease ol 3
By - menzoies
o> A
a o Qﬁd 6_// <§‘P Entry of
5 & SPOroIodss
: % & Mamzoites g G inte Bver cells

il "~ Formatian of emg-arythrocytc
marozoiles in hepatic schizont
Raloasa of

exo-arythrocytc
maenzoies

TRENDLS i Parasdology

Ewovo 1.3. Kvkhog C{ong Tov mapacitov. O kvkhog (@G TOV mOpAcitOV Tng €AOVOGing
oloxAnpmveto og 600 EevioTég, Tov AvBpmmo Kal To kovvoumt. H petddoon tov mopoacitev yivetor e
TO TOIUANO TOV HOAVCLOTIKOD KOLVOLTOV. LTOV GAvOp®OTO To TopAoite TEPVAVE OTO TO MTATIK
KOTTOPO, TOANUTAAGIALOVTOL KoL KOTOAYOUV GTNV KUKAOQOPI0 TOL aipatog TpooaAlovtas Ta pubpd
kot moAramiactdlovral Eava. H gpuBporvttopik| @don omoteleitar and pun QLAETIKA GTAdO KoL TV
dnpovpyic. YOUETOKKLTAP®Y. £T0 KOLVOUTL EEKIVAEL 1] YOUETOYEVEGDT], dnpovpyeitol To {uymtod, avtd

petaoynpotiletol 6 MOKWVETN Kot EmeErtd 6€ OokKLOTN. Amd TG 0okHoTEG OomelevBepmdvovTol Ta
o1opol®idlo TOL KUTUAYOUV GTOVG GLEAOYOVOUG 0OEVEG.
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1.5.1 EEmepvOpoxkvtTopikn ¢don

Ta mapdoita g glovooiag £ovv éva mepimioko kOkAo (mng (ewoval.3). H
HeTAd0oM EEKIVAEL LE TO TOIUMNUO TOV LOAVGHOTIKOD OnAvkol Kovvoumiov. Mali pe
70 YeOUa aiportog, omopolmidia (SPOrozoites) eilodyovtal Le T0 GAAL0 GTO TEPLPEPELKO
KUKAOQPOPIKO GHGTNHA TOL avOp®dTOL, Ta 0Toia HEcH GE Ay AETTA KOTOAYOUV GTO
TOPEYYVUATIKG KOTTOPO TOV NOTOC Kot EEKvagl 1 EmepuBpokvTTapikn @dor. Xto
KOTTOPO TOV NTATOS TO Tapdoita ToAlanAactdlovtal pe oyloyovia. v oyiloyovia
0 TVPNVOS OPYIKA dlapeital Ympic dpopoToinoT T0V KVTTOPOTACGUATOS KOl LETE
amo 4 £0¢ 7 mTupNVIKEG SLOPECELS TO KLTTOPOTANGILO GUUTVKVMVETAL YOP® ord KAOE

TUPNVA Y10, TOV GYNLOTIGUO TV pepolmidiov (Merozoites).

H g&mepvBporvttapikr| edon tov mapacitov dwpkel 9 €wg 30 nuépeg avdroya
pe 1o €ldog TOL Mapacitov, yopaxtpiletar ®G mePi0dOg EmMMOCNS Kol €ivon
QCLUTTOUHOTIKY. X1A1ddeg pepolmidi mopdyoviar mov ameAevbepdvovial otV
KuKAogopio. Tov aipotog Kor ewPdAiovv ota gpvBpokvttapa. ‘Etor apyiler n
gpvbpokvtTopiky @Aacn tov kvklov Cmnc. Xta €idn P.vivax xou P.ovale, ta
onopolmidio 6To MEATIKE KOTTAPO TAPOUEVOLY adpavh Yol €va SUoTNUO Kot
e&épyovtan oto aipa pe kabvotépnon. Ta mapdoita o€ avTd T0 GTA0 Eivol YVOGTA (G

vvolwidia.
1.5.2 EpvOpoxvtrapikn ¢aon

H gpvBpoxvttapikn @don amotedeitar amd pn QUAETIKA Kot QUAETIKE GTAS10.
Ta pepolwidia TV nraTik®V KLTTApOV 6Tav Bpedodv 6To aipla E1GEPYOVTAL LEGO GTO
epLBpokHTTOPA APOL GVVIEDOVV e E101KOVG VTTOJOYEIS otV HEUPpdvn Tovg. APECMC
petd v eefoin to mapdorto oynuatifel po pepPpavn 6To KLTTOPOTAAGLO TOV
gpvbpoxvttapov (parasitophorous vacuole membrane, PVM) mov mepikieiet 10
napacttopopo kevotomo. H PVM mailer onuaviikd poro yio v mpoctocio. Tov
TopAciTov and 10 KOHTTOPO-EEVIOTH Kol 6TV andKINGT OPENTIKOV GLOTATIKOV 0O
avto (de Koning-Ward, 2009). Ilepiéyer Amidio. mov TPoEPYOvVIOL Omd TO
epLOPOKVTTOPO-EEVIOTY], OALE PETA TNV €10000 M cVoTOGON OALALEL omd Aidia oL

napdyet To 1010 To Tapdoito. Evag meploptopévog aplids TpoTeivdv Tov TpospyovTaL
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amd To Tapactto eivarl Yvwoto 01t Bpickovian oty PVM, evod mpmteiveg Tov Egviot)
dev vapyovv. Kdmoleg and t1g mpwteiveg g PVM glval kowég ota un ouAeTiKd Kot
QLAETIKA TGS, OALG ETioNG LITAPYOVY KoL oNUAVTIKES dtapopés (Spielmann, 2012).
[Mopaderypo amotelel N EKEPAOT] SPOPETIKMOV UEADV TNG OIKOYEVELNS TPWOTEIVMV
ETRAMP. Exiong oto P.falciparum oamoxieiotikd otnv PVM tov youetokvttapmv
ovvavtdtol n Tpwteivny Pfs16, mov n analowpn g delyvel Tov oNUAVTIKO pOAO TOV
Exeromv avantoén tov yopetokvttdpaov (Eksi, 2011, Kongkasuriyachai, 2004). Extoc
arno v PVM kot v mhaopatikn pepfPpdvn, ta pepolmidia £xovv KOTm® omd TNV
TAOGLOTIKY] LEUPPEVN TO ECMTEPIKO HEUPPOVIKO GOUTAOKO, TO 0010 OTOTEAEITAL OUTTO
Vo peUPplves, IKPOGMOANVIGKOVE Kol TOV UNYOVIGUO OKTIVIG-HVoGivng mov moilet

poOLO oTNV Kiviomn kot TV elePoin oto kdttapo-Eeviotr (Banister, 2009)

To mopdotta avomtvccovior HECH oTo €PLOPOKVLTTAPO KOATOVOADVOVTOG
apoc@atpivn mwov Aappavovuv and to kutootopoto (Banister, 2009). To mpoidv mov
TopayeTal amd TV TPOTEOAVTIKN TEWYT TG apocpatpivng (Goldberg, 2005) eivon pa
oKovpOYpOUN adldALTN YpwoTikh, N oapolwivn. H apolwivn cvecmpevetor ota
KOTTOPO TOV EEVIOTN Kot amoBdAAeTor, Otav TapdyeTon N ETduevN yeved pepolmidimv.

Tehikd cvosompedeTOL GTO NTTOP, TV CTANVA 1] GAAA OpyOVa.

Méoca ota gpvbpoxvttapa, to pepolwidia petafdrriovior oe Tpo@olwidia
(trophozoites) maipvovtag opywkd v poper doktviiov (rings). Ta tpopolmidia
egeliooovtar o oyilovteg (schizonts), ot omoiot axoAovbodv v B dadikacio
oyloyoviag, OO VTN GTO NTAP Yo TNV Tapaymy pepolmidiov. Kabe pepolmidio
OV €1GEPYETOL 0TO gpvBpoKkvTTAPO Tapayel 6 €mg 32 véa pepolmidia, To omoia
anelevBepdvovior oto aipa. Ta pepolwidin dev emlovv Yy moAd €€® amd To
epvOpoxvtropa. Ilpémel cvvropa va Ppovv véa vy gpuvBpoxvttapa, oto omoia
elofdrrlovy ywo va ovveyicovv tov KOKAO Cong tovg. H dwdwocio avt
emovalopPaveTor pe mEPLOOKOTNTO OLPOPETIKN Yoo KAOe €ldog (48 mpeg oo To

P.falciparum).
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FOCHSTOKOTT(XQOVéVSO’H

Méca omnv gpuBpokvTTapikn eAcn Tov KOKAOL {®NS TV Tapacit®mv, KAmol
amd avtd Ba dpopoTonBovV GE aPSEVIKA Kol ONALKA YOUETOKOTTAPA, 1| d1adTKAGToL
™G YOUETOKLTTOPOYEVESNC. XTO TMEPLOGOTEPA €ION TOPOGITOV NG €Aovociog, Ta
YOUETOKVTTOPO EIVOL GTPOYYLAG KoL 1) @pipaven) Tovg dtopkel Aiyeg mpeg (26-30 dpeg
oto P.berghei). Avtifeta oto P.falciparum éyovv oynua piooeéyyopo kot @pipudlovy
oe 8 pe 12 uépeg (Liu, 2011). Ta yaperokvTTapa meptBadiioviat kot avtd ornd v PVM
Ko TV pepPpavn tov gpvbpoxvttapov (RBCM). Xapaktnpilovror Opumg Kot omd pia,
emmAéov ecmtepikn puepPpavn (subpellicular membrane, SPM) mov Bpioketor kdtm
oo TV TAACUOTIKY LeUPpdvn Tov KuTTapOoL Kot poll Le IIKPOGOANVIGKOUG TOpEYOLV
emmiéov otabepotnto oto kuTTapo (Sinden, 1982). Xto P.berghei avti n pepppdvn

&xel Bpebel pdvo ota apoevikd, oALd dev Yvmpilovpe Tov pOAO TNG.

"Exet deyBet 611 1 yopetokvttapoyéveon ennpealetol omd 01popETIKOD TOTOV
OTPEC, OTMC N TUKVOTNTO TOV TOPAGITOV, 1 AV, 1| ATOKPIGT TOV OVOGOTOU|TIKOV
oLoTHOTOG TOL Eeviot N M pappakevTikn aywyn (Kuehn, 2010). O punyoviopog pe
TOV 07010 £VaL LEUOVOUEVO TOPAGLTO dEGUEVETAL VA O10POPOTONOEl GE YOUETOKVTTOPO
dev eivan yvootds. H emkpatodoa dmoyn sivar 6t OAa ta pepolmidia mov Tpoépyovtan
and €vo oyilovta 01popomolovVTaL EiTe G€ apoeVIKA gite og OnAvkd yopeTokdTTOPO.
H éxppaomn g npdoivng eBopilovcag mpwteivig GFP kdtm and vmokivntés yovidimv
mov ekppalovtar ota yapetokvtrapa (6nwg ta pfld 748, pfsl6, pfg27, wau set)

VTOOEIKVVOVV TO 6TAS10 TOL GYilovTa Yoo avtv TNV 0écpevon (Alano, 2007).

Agv  yvopioope moOAAG Y to  yovidle mov  puvBuilovv Vv
yopetokvttapoyéveon. Exel mapatnpndel 611 peltopévo mimedo YOUUETOKVLTTIAPOV GE
KOAMEPYEIEG TOPOUGITOV GLVIEOVTAL LE TNV OMMAELN YEVETIKNG TANPOQOPING OTOV
YOVETOL 1) VITOTEAOUEPIKT TTEPLOYN OTO Ypouocoua 9 (Day, 1993). Avtiy n meproyn
nepiEyet 15 yovidia cvumeprhapfavouévov kat tov yovidiov pfgig (gene implicated in
gametocytogenesis), Tov 1 araAoLP] TOL 00N YEL GE HIKPT TOPAYDYT YOUETOKVLTTAP MV
(Gardiner, 2005). Emumiéov, wa mpoteivn mov mpocsdével RNA, n pfPUF2, kot o
petagopéag NPT1 mailovv péAo onv pOBUON TG YOUETOKLTTAPOYEVESNS KOl TNG
QLAETIKNG dapopomoinong (Boisson, 2011, Miao, 2010). H mpdécpatn avakdivyn tov
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KOPLOV PLOLGTI) TNG YOUETOKVTTAPOYEVECTG, TOV LETAYPAPIKOV gvepyomomtn AP2-G,
delyvel OTL 10 TPOYpapp Yo TNV avATTUEN TV YopetokLTTdpv pvOuiletar oe
petaypapikd eminedo. H éddetyn avtod tov Tapdyovio £xel G OMOTEAEGHO TNV

advvapio dnpovpyiag yopetokvttdpaov (Kafsack, 2014, Sinha, 2014).

Meléteg Tov TPoPiL £KPpaoNS TOGO G UETAYPAPIKO OGO KOl GE TPMOTEIVIKO
EMIMEDO TOWTOTOLOVY TOAAG YOVIOlM TTOL EKQPALOVTOL GTU YOUETOKDTTOPO KOl TTOAAL
amd ovtd eUEOVIOLV OMOKAEIOTIKO POAO Ge 0WTO TO o©Tdd0. ToavtomomOnkov
HETAYPOPO. TTOL Ol OVTIGTOLYES TPWTEIVES YPNCLLOTOOVVTOL OO TO TAPAGLTO YOl TNV
TOPAYOYN TOV YOUUETOKLTIOP®OV, VO &vag WKPOG opldudg amodnkevetal yio vo
xpnoorombel PETG TNV YOUETOYEVEST] KO TNV YOVILOTOINGN TOV YOUET®V. Mia
TPOTEOUIKN 6VYKPLoN HETOED apoeEVIK®OVY Kot ONAvK®OV yapuetokvttapmy oto P.berghei
delyvel 0t vhpyovv peydieg drtapopég o poplakod eninedo (Khan, 2005). Ano tig 406
TPOTEIVEG TOL EVTOTILOVTOL AMOKAEIGTIKA GTO YOUETOKVTTOPA, LOVO 69 elvar Kowvég
Kot 6ta 600 eUAA. To peyoddtepo mocootd (69%) TV TpOTEIVOV OV evtomilovTal
OTOL YOUETOKLTTAPO PPIOKETOL OTO OPGEVIKA, ONMOV GLUUETEXOLV KLPIMG GTOV
CYNUOTICUO Kol TNV KIVNTIKOTNTA TV aSOVNUATOV Kol GTOV TOAAATAOGLOGUO TOV
DNA (PA. yopetoyéveon apceviKaV), Ve TOAEG TPp®TEIVEG OV evtomilovtal GTo

OnNAvKa £xovv pToyovoplakés Kot pROcOUKES AelTovpyies.

O A6y INAVKOV/APGEVIK®V YOUETOKVTTAP®V vl VIEP TV ONAVKOV, LE Eval
apoevikd yia mepimov mévte Onivka (Paul, 2002). Avtd 0o pmopovoe va epunvevtel
and 10 YeYovdg OTL éva apoeEVIKO YOUETOKLTTAPO BHo ddoel oyT® YOUETEG,
e€looppomtmvtog £tol TV apyikn dpopd (BA. YOUETOYEVEST OPCEVIKGMV). XTO
P.chabaudi (éva mapdoito tov TpoKTIK®V) @aivetatl 0Tt 0 A0yog owtdg e&optdtot omd
TNV TUKVOTNTO TOV TOPACITOV Kol TOV 0Pl TOV TUPUCITIKOV KADOVOV TOL £X0VV
poAvvet tov 010 Egviotn| (Reece,2008). T'a mapdderypa, évag TAnBuouog tapacitmv
7OV Ogv €YEL TNV TACT VO EMKPOTOVV TaL ONAVKE £VOVTL TOV OPCEVIKDV, AVEAVEL TNV
mBavotrto emituyiog TNV YOvViHomoinon v OnAvkdv arnd Tov avtictor o KAMVo,
otav vmapyel avioyoviopds pe Ghdovg kKhmvovg moapoocitov (Reece, 2008, Schall,

2009).
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1.5.3 Z1ad10 avantoéng 6To KovuvouTL

Louetoyéveon

Otov 1o xovvovma €6poPovV aipo omd HOAVGHEVO GTOHO, HOVO TO
YOUETOKVTTOPO EMPLOVOLV GTOV EVIEPIKO GOANVA TOV €vIOHOL. Mg Vv €lc000 01O
KOVLVOLTL, TOL TAPAGITO, OEYOVTOL EEMTEPTIKE CLLOTO TTOV GT|HOIVOLY TNV dAALYY| ATtO TOV
éva Eeviotn otov GAA0. Me auTd, TO OPUE YOUETOKVTTOPO, EVEPYOTOLOVVTOL KOt
Eexvael 1 SdKOGIOL TNG YOUETOYEVEGNC, ONACOT 1) TOPAYWOYT APCEVIKAOV YOUETMOV
(nikpoyapéteg) kot ONAvkdv yapetov (pokpoyauéteg). H evepyomoinon ogeileton
otV amotoun mTtmon g Oeppokpaciac, tepinov 5°C (Bilker, 1997), kot thv mapovoia
tov EavOovpevikon o&éoc (Xanthurenic acid, XA), éva petafolikd mopompoiov otny
obvheon yuo TV ypdomn tov patov oto kovvovmt (Bilker, 1998, Garcia, 1998). Ta
eEwtepka epediopata 0dnyovv oty gvepyomoinon g PLC (phospholipase C) kot g
GC (guanylyl cyclase) mov pe v cg1pd ToVg 0onyodV oty avénon tov IP3 (inositol
triphosphate) kot tov cGMP (cyclic guanosine monophosphate) avtictoya. To cGMP
evepyomotel v PKG (cGMP-dependent protein kinase) kot to IP3 odnyel otnv
amehevOEP®ON  EVOOKVLTTOPIKOD 0CPECTIOL OO TO EVOOTANCUOTIKO OIKTLO. XTO
apoevikd 1 avénon tov gvdokvtTapikoy aoBeotiov evepyomotei tnv CDPK4 (calcium-
dependent protein kinase 4) xoi tmqv Map-2 (Mitogen-activated protein kinase 2)
(ewova 1.4) (Kuehn, 2010).
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Ewova 1.4. Movomnatia onHato80Tnong 0TV EVEPYOTOINOoN TWV YOUETOKUTTAPWY. H gvepyornoinon
£MAyetal ano tnv peiwon otnv Bepuokpacia (T) kat Tnv mapouadia tou EavBoupevikol oféog (XA). Agv
£xel Bpebel kamolog umodoxéag (R) mou va CUUUETEXEL OTNV evepyoroinon. H evepyomoinon emibpd
otLg PLC kat GC kat oényet otnv avénon twv IP3 kat cGMP. H cGMP gvepyormolel tTnv PKG kat n IP3
peoohaBel otnv ameheuBépwon evbokuttaplkoU acPBeotiou amd to evdéomlaopatiké 6iktuo. H
aneAeuBépwaon acBeotiov odnyel otnv evepyonoinon twv CDPK4 kol Map-2 ota apoeviKA Kol TEALKA
otnv ekpaotlyiwon (exflagellation). 2ta OnAukd dev yvwpiloupe Tt emdyetal amnod tnv aneAsubBépwaon
tou aoBeotiou. Ta pavpa BEAN cupPBoAilouv dpueoeg aAANAETIIOPAOELG KoL TA SlakeKOUUEVA BEAN
oupBoAifouv éupeoec ahniemdpdoelg. CDPK (calcium-dependent protein kinase), cGMP (cyclic
guanosine monophosphate), DAG (diacylglycerol), E (erythrocyte), ER (endoplasmic reticulum), GC
(guanylyl cyclase), GTP (guanosine triphosphate), IP3 (inositol triphosphate), Map-2 (Mitogen-activated
protein kinase 2), PDE (phosphodiesterase), PIP2 (phosphatidylinositol-4,5-bisphosphate), PKG
(cGMP-dependent protein kinase) PLC (phospholipase C), PV (parasitophorous vacuole). (Kuehn,
2010).
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H yopetoyéveon dwapxel mepimov 10 pe 15 Aemwtd ko teMKa ko ot OnAvkot ko
01 apceVIKol yapéteg anelevfepovovtol amd o epuOpoKHTTOPO-EEVIOTY| TOVG. Me TV
€€0d0 ToL ONAvKoL Youétn amd To €PLVOPOKHTTOPO, TO TAPACITO €ival £TOO Yo
yoviponoinomn. Avtifeta, ota apceEVIKA YoUETOKOTTAPO 1] dtadikacio Etvat apKETE mo
nepimhokn. Mg v gvepyomoinon Eekvdel o morhamracioopndg oo DNA pe tpeig
MITOTIKEG SLUPECELS Ko TO oYNUOTIcHd 8 aovnudtov (axonemes) mov omoteAohv
Baocwkd otoyeio twv apoevik®dv youet®v. Ot apoevikol yapéteg &yovv €viovn
KIVNTIKOTNTA TOL 0PeideTan ot afovipata Kot EKBALOVV LE TNV LOPOT LOCTIYI®V OO
T0 0opoevIKO youetokvtTopo (ewova 1.5). H odwdwocio ovtn omokoAiesital
ekuaotiyimon (exflagellation). Télog, omokomtovTOl amd OLTO KOU HE YPNYOPES
KIVAGELS YiYvVOuV Vo BpouV Kol VoL YOVILOTOMGOoLV To. OnAvkd oynuatilovtog telkd

10 QuymTo.

Ewova 1.5. "E&000g apoevik@V yopet®@v. Potoypapio and ontikd pikpookomo pe ypoon Giemsa. A.
O1 apoevikol yopéteg pe v popen pootryiov e&épyovtor amd 1o yapstokvtrapo (exflagellation). B.
Amecovileton £vag opoeVIKOg YOUETNG TTOV EYEL ATTOKOTEL O TO YOUETOKVTTOPO DOGTE VO avalNTHoEL
KOl VoL YOVIHOTomaeL £vav Onivko yapétn (http://mww.med-chem.com/para-site.php?url=org/plasfalc).

[Iptv v  evepyomoinon ota QPO  OPCGEVIKG YOUETOKVTTOPO, GTNV
KUTTOPOTAACLATIKY] TAELPE EVOG TUPNVIKOD TOPOL, G Lo Apopen pala Bpicketol To
KEVIPO OPYAVMOONG TOV HKPOCOANVICK®V. ATO TNV TLUPNVIKN TAELPA TOL TOPOL
VIapyel to evéomupnvikd copa (intranuclear body, INB) oto omoio Bpiokovtatl ot

KIVITOYMPOL TOV OTAOELO0VE YOVISIOUATOG. APECMG LETA TNV EVEPYOTTOINGT amd TNV
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apopen Halo Tov KEVIPOL OPYAVMONG TOV HIKPOCOANVIOK®V ONUIOVPYOVVIOL TO
Bacwd copato oto omoio oynuatilovror Ta agovinuoTto. XVVeEm®S, To 0v0 Pacikd
OLOTATIKG TOV OPGEVIKOL YOoUETN (To aEOVAUOTO Kol TO OMAOEDES YovidimpLa)
ovvdéovtal Tpv TV evepyomoinon (Sinden, 1976). O oynUaTIGHOG TOV aEOVNLATOV
yivetonr mopdAANAo e TIC TPELS WMTOTIKEG Owupécelc. Movo petd v tedevtaio
HITOTIKTY O10ipeST, TO AEOVILOTO TOV TEPLTLALYOLV TOV TLPN VA, apyilovy va KivovvTot
EVTOVO, LEGOL GTO KLTTOPOTANGHA TOV ap) ko Kuttdpov (Sinden, 2010). O apoevikdc
YOUETNG, LE WAKOG TOV Kupaivetal yopo ota 14pm (Sinden, 2010), eivon éva ToAd amhod
KOTTOPO OV OMOTEAEITOL LOVO OO TO aOVNLa, TOV TUPNVA, TO KVTTOPOTANGLO Kol
Vv TAacpatikn pepBpavn. Ta agoviuata govv dopkd potifo «9+2x»: Evag KOAVOPOG
7OV 670 KEVIPO Ppickovtal 600 pkpoowinvickot kKot 9 (gbyn LKPOGOANVICK®Y GTNV
TEPLPEPELDL, TO OTTO10L GLVOEOVTAL e LOPLaL OLVETVNG MG KIvnTNPLog dvvapun (ewova 1.6)

(Wilson, 2013).

A
Outer
doublet Inner
Basal body Nucleus dynein arm
Inner
sheath Inner
. singlet
m Plasma membrane  Cytoplasm ?;::’:
Outer
Plasma dynein arm
membrane ——
50 nm

Ewova 1.6. Apoevikog yopétne. A. H swova Paciloviar € NAEKTPOVIKEG LIKPOYPOPIEG APOEVIKDY
yapetdv and to P.berghei kat deiyvel to Pacikd yopaktmpiotikd tov kuttdpov: Backd oodpo (basal
body), muprvag (nucleus), miaocpotiky pepPpavn (plasma membrane), aovruata (axonemes),
koutrapomhaocpa (cytoplasm). B. Eyképowr toun mov deiyver ta otorygion evdg tumikod «9+2x»
aovipatoc. H kivnon odnyeiton and (evyn pikpocwinviokmv mov kabodryodviat amd toug Ppayioves
duveivne. E€wtepkd Levyog pikpoowinviokwv (outer doublet), scwtepicol pikpoowAinvickor (inner
singlet), eEmtepicdg Ppayiovag dvveivng (outer dynein arm), ecwtepikog Ppoyiovag dvveivng (inner
dynein arm), ecwtepwn Onkn (inner sheath), axtiva (radial spoke).

2TV YOUETOYEVECST] TOV OPCEVIKAOV Tapacitev, 1 kivdon CDPK4 nailel poro
otov ToAamiactacpd tov DNA kot tov oynuotiopd tov a&ovnudtov (Tewari, 2010)
KoM Kwvdon Map-2 coppdiel oty Kutokivnon Kot TV KIvNTIKOTNTo TV aE0VULATmY

(Bilker, 2004). Extoc omd TI¢ KIVAOES KOl AAAEC TPMTEIVEG EUTAEKOVTOL EIOIKA 6TV
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YOUETOYEVEST] TV apoeviKdV. o mapddetypo, n omaroipn tov yovidiov pflé mwov
Kodwkomotel v tpwteiviy ARM (armadillo repeat motif-protein) n omoia Bpioketat
ot 0EOVINOTA, £YEL GOV OTOTEAEGLOL TV U1 GLGLOAOYIKT Kivnom Kot v peimon g
yovipotntog (Straschil, 2010). Avtifeta,  aroloipn Tov yovidiov p48/45 (van Dijk,
2010) xou hap2/gesl (Liu, 2008) odnyei oe mAnpn otelpdta. KabdS o1 apceVIKoi
youéteg advvatodv va mpoodebovv (p48/45) N va cuvinybovv (hap2/gesl) pe tovg
OnAvkovg yapétec.

Kotd v avalimon tov ONAvkdV YOUETDV, Ol OPCEVIKOL YOUETES
TPOCKOAADVTIOL  OTOL  YEIToVIKA  gpubpokdttopa, oynuatiCoviag to  kévipa
expaotlyimong (exflagellation centers). Ou apoevikoi YoUETEG TPOGKOAADVTOL GTO
oclAMkd o&L Kou TNV yYAvkogopivy A mov PpiokeTonl otV EMQEAVEIDL TOV
gpvbpoxvttapwv (Templeton, 1998). H mpdcdeon efaptdtor omd pio. mpoTEIVN
ovykoAnong (Pfs230) mov Ppioketar oe apbovio 6NV ETPAVEIDL TOV OPCEVIKMOV
YOUETOV Kot €xel doeyBel 0Tt voeiotatar mpwTeolvTiKY enefepyacio Katd TNV

youetoyéveon (Brooks, 2000).

[evikd oV €MPAVEID TOV YOUET®V LIAPYEL U0, TANOMPO SLOUPOPETIKMV
npoteivov (Pfs48/45, Pfs230, Pfs25, Pfs28, PfCCp) mov Ponbodv otnv emapn tov
YOUETMV 1 KOl 6TV TPOGTAGia TouG. Nao onueiwbet 6Tt 6 avtd 10 6TAS10 (YopETES KOt
Cuymt0) T0 TOpdctTo dev PpiokeTal HEGH G€ KATOL0 KOTTAPO-EEVIGTN Y10 OPKETEG DPEG.
[Mopapéver ektebeynévo 610 apIAOEevo TePPAAAOV TOL KOLVOLTIOV, OGS PakTpia,
évlopor TéYNg Kol GToLXElDL TOL AVOGOTONTIKOY GUGTNUATOS TOL CAUATOS KOL TOV
eVTOLOL. AvTd £xel G amoTéAEGHa Ta TapdotTo va PEIwBovy oyeddv 300 popég Kot

avTn N eaomn Bempeitar wg 6TEVOTOS 6TOV KUKAO (NG TOL TOPAGITOV.

Agv glval yvooTo Qv 01 apCGEVIKOL YOUETEG GLVAVTOVV TOVG ONALKOVS YOUETEG
KATA TOYM N €AV Y10 TOPASELY L0l 001 YOHVTOL OO KATOL10, EAKTIKY] OVGI TOL EKKPIVEL O
OnAvkog yopétmg. Qot060 TPOGEATO TAVTOTOMONKAY GTNV EMLPAVELD TOV YOUETDOV
tov P.falciparum, mpoe&oyég widiov mov @aivetor vo, cUUPBAAAOVY GTNV ETOPT TMOV
TOPOUGITOV PEGH GTO £VIEPO TOL KOLVOLTIOV Kol oynuotioviar apécms HETd TNV
evepyomoinon ¢ yapetroyéveong (Rupp, 2011). Avtéc ot douég €yxovv TLMIKA

YOPOKTNPLOTIKA TOV VAVOGOANVIOK®V, 0pyovidla Tov Tpoceato TavTomomonKay o
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TOAAG Lo1kd KOTTOPO Kol €(0VV HUNKOG TTov Umopel va @Tdvel kot ta 100um. ‘Eyet
npotafel OTL LITOPOVV VO GYNUATIGTOVV O GXEOOV OAN TO KOTTOPO Y10 TNV £EEPEVVIION
0V €EOKVTTAPLOL TTEPIPAALOVTOG KoL TV emkovmvia peta&d kuttapwv (Davis, 2008,

Gerdes, 2008).

H éCodoc towv yauetorvtrdpwy

H £éEodoc tov yapetokuttdpov and 10 gpvBpokvTTapo-Eeviot) eivar éva
Kpiowo onuelo NG  YOPETOYEVEGNC, TPOETOWALOVTIOS TO TOPAGLTO Yol TNV
yovipomoinon. Ot poprakoi unyovicpol Tov SEmovyY aVTNV TNV dladtkacio gV £XoVV
axoun kotavonfei mAnpwc. H £€£000¢ TV yopeToKLTTAPWV TEPIAAUPAVEL TV PNEN TOV
Vo pepPpovav mov tepiairovy to mapdotto, v RBCM kot v PVM. TIpoécatec
ueléteg 1660 oto P.berghei 6co kat ato P.falciparum deiyvovv 6t AMya Aemtd petd tmyv
EVEPYOTOINGT TOV OPLUOV YOUETOKVTTAP®V, Yivetoun pnéN ™ PVM Kot apketd Aemtd
apyotepa akorovdei n prén e RBCM (Deligianni, 2013, Sologub, 2011). Emutiéov
oto P.falciparum pe tv Bonfela e niextpovikig pkpookomiag, £xel derybetl 6Tl 1
PVM onder oe moAdd onpeio, evdd otnv RBCM é£yovpe éva povadikd dvorypo
(Sologub, 2011).

[ToAréc peréteg yio v €€odo tov pepolodiov omd 10 gpvBpoKLTTAPO
TOVTOTOOVV TPOTEAGES TOV TPOEPYOVTAL OO TO 1010 TO TAPAGITO CAAL KOl OTd TO
kOttopo-Eeviotr. 'Exouv  S1dpopeg Aertovpyieg katd v €E0do, omd TNV
amocTOOEPOTTOINGT TOV KUTTOPOCKEAETOD TOL EPVOPOKLTTAPOVL UEYPL KoL TNV
EVEPYOTOINGN HOVOTOTIOV onpatoddtnong. Oumg, doev éxel katavondel o poAog Tovg
omv prén tev peuPpavav (Blackman, 2013). Ipotedosc mov mailovv poro otny
£€000 TV pepolmidinv, £xovv Bpebetl kot 6T YOUETOKOTTOPA, OUMOS OL POAOL TOVG GTNV
£€0d0 TV youetokuTtdpwv gival dyvootol (Wu, 2003, Rosenthal, 2004). MeAétn oe
gvepyomomuéva yapetokvttopo tov P.berghei avoaeépel 60t n ekfoln Tov apoevikdv
YOUETOV OmO TO apyIKO KOTTOPO OVOOTEAAETOL OO TNV OpAom TOV OVOCTOAE®V
npoteacdv kvoteiving/oepivng, TLCK kow TPCK (Torres, 2005). 1o P.falciparum n
PVM epgpavilel evoicOncio otov avaoctoréa tpmteacmdv kvoteivng E-64d. Metd v

pMén ™ PVM Eexwvaer n dtdlvon g SPM mov avactédietor and tov avactoréa
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npoteac®mv acmoptikod EPNP kot tov avactoréa TLCK. H pnén g RBCM
avaotédieton and tovg TLCK ko TPCK (Sologub, 2011).

Extoc and v dphon tov mpoteacmv, oto P.berghei vmapyovv mévie
UETOALAYHOTO LE QAVOTLTTO OMOKAEIOTIKG GTNV ££000 TMV YOUETOKVTTAP®V Kol Oyl
omv £€£odo tov pepolmidiov (Ponzi, 2009, Deligianni, 2011, Talman, 2011,
Deligianni, 2013, Olivieri, 2014). To aroteAéopoto avTd £niong deiyvouv OTL TPEMEL
Vo eUTAEKOVTOL Kol GAAEG TPpmTEIveC 010TL 0 KAMOW OO TO UETOAAAYUHOTO O
eovotumog givor nuiteAns. ‘Eva amd avtd ta yovida eivar o yovidlo mov kmdtkomotel

TNV OKTIVI 2 KoL TEPLYPAPETAL OVOAVTIKG GE EXOUEVT] EVOTNTO ALTOV TOV KEPOAOIOV.

Tpeig and 11§ ToPUTdve TPOTEIVEG TOL ATOLGIALOVY OO TO. UETOAANYLATO
evtomifovtal ota oGpoPMKA copdtio. Ilpoxettar yo pepfpavikd opyavidio mov
nailovv poro oty ££000 TOV YOUETOKLTTAP®Y. META TNV EVEPYOTOINGT|, TOL OPYAVISIOL
AVTA LETOVOGTEVOVY KOVTA 6TNV TAAGLOTIKY pepfpdvn tov topacitov (Aikawa, 1984,
Sinden, 1976), cvvdéovtor pe avtiv kot adeldlovV TO TEPLEYOUEVO TOVG OTO

TOPAGITOPOPO KEVOTOTLO, TaTOYpOVe. e TV pién g PVM (Sologub, 2011).

Amovcion g mpwteivnig Pbg377 mov exepdletor povo ota Omivkd
YOUETOKVTTAPO, TO, ONAVKA YOUETOKVTTAPO OVATTOGGOVTOL PLGLOAOYIKA, OAAN VTLAPYEL
po dpapatikn peiwon otov aplBud Kot 6to péyefog TV OGUIOPIAIKOV GOUATIOIWV
KaODC Kot 6TO G0 TOVG. AVTN 1) GAACYT] GUVOEETOL LE Lol LkpY| KaBLGTEPTOT OTNV

€£000, aALG 0L oTNV Yoviuotnta tov OnAvkdv youetdv (Olivieri, 2014).

H npwteivn MDV-1/PEG3 (male development 1/protein of early gametocyte 3)
evtoniletar otnv PVM oto P.falciparum (Lanfrancotti, 2007, Furuya, 2005, Silvestrini,
2005), evd oto P.berghei Bpioketat amoxielotikd oto oopoplikd coudtio 1060 o,
Onivkd (Ponzi, 2009) 6co kot ota apoevikd (Olivieri, 2014). H amovoia g MDV-
1/PEG3 pmhokdpet tnv €£0d0 Kot oto, OnAvkd kot oto apoevikd yopetokdtapa. Ot
dvo pepPpbvec mov mepiariovv to mapdoito (PVM kv RBCM) mopapévovv
AVETOPES, EVO TO, AEOVINLOTOL GTO OPGEVIKE YOUETOKVTTAPO oynuatilovion Kot £govv
Kivntkotta (Ponzi, 2009). Qot660 KATOoLo TOPACITO TO KATAPEPVOLY KOl OKIVETES

oynuartiCovrat. Av kot gppavifovv 86% peimon o kokhog ong cvveyileton (Lal, 2009).
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"Evav mapopoto ooatvotumo £xel Kot To LETAAAQY L0 OTTOV ATOVGLALEL ) TPOTEIVY
GEST (gamete egress and sporozoite traversal) mov éxer tovtomombei udévo oto
P.berghei ka1 evtomiletar ota oopo@iiikd copdtio. Kot ota apoevikd kot oto Onivkd
yopetokvttapa, M €£odog eumodiletar kabdg ko m PVM xor m RBCM dev
dappnyvoovral. e ovtibeon Oumg pe 1o mdv-1/peg3 petdAiaypo, or opcevVIKoL
YOUETEG OV UTOPOVV VO, O1aY®PLoTOVV HETAED TOVG, VM £xovv Kivntikdtnta. Emmiéov
N TPOTEIVN awt Topovcotdlel kot €va devTepo poOAo ota omopolwidia, Ta omoio
amovcio ™G dev UmopoHv Vo, SOTEPAGOVV TO EMOEPUIKE KOTTOPO LETA TO TCIUTN LA

Tov Kovvouriov (Talman, 2011).

Mo GAAN TpoTEiv oV gUTAEKETOL GTNV ££000 TOV YOUETOKLTTAP®V givor 1
PPLP2 (Plasmodium perforin-like protein). H éAAetym tng emnpedlel povo ta apoevika
yopetokvttapa. Onmg kot oto APDGEST petdhiaypo, ot apoevikoi yopuéteg Egovv
KivnTikota oAl dev dwoywpilovior peta&d tovg. Xe avtifeomn, Opwg, pe T
TPOTYOVUEVO UETOAAAYUATO OTOL Kol Ol dVO UEUPPAVEG TOPOUEVOVY OVETOPES,
arovoia ¢ PPLP2, n PVM odwppnyvoetor. 1o HETAALAYHO OVTO Ol MOKIVETEG
pewwvovtot katd 75% og oyéom e T aypiov TOMOL mapAGLTa, OUMG 0 KUKAOG Long

ohokAnpaverar (Deligianni, 2013).
Zvywto

To Plasmodium eivar amhogldéc oyeddv o€ Ol to. otdda g (NG TOL
CLUTEPIAAUPAVOUEVOV KOl TOV YOUETOKVTTAP®V. Ot dPIUol amlogldng opoEVIKOL Kot
OnAvkol yapéteg £xovv  OPOPETIKA TPOPIA TPOTEVOV OTOLGIN  PLAETIKMDV
ypopocoudtov (Khan, 2005). Me tv o0levén tov 600 YOUETOV Kol TV CLUYYMOVELOT
TV TVPNVOV oynuatifetat to {uywmto (zygote). H dtodikacio avtn cuvieleiton TiG TPELS
TPOTEG OPEG AT TNV €16000 TOL HOAVCUEVOL aiploTog 6To kovvoLTt. 'Evag Paoctkdcg
punyoavicpog mov puduilet Ty avdmtuén tov LUYOTOL Eivot 1 LETAPPOACTIKN KOTAGTOAT).
Kdamota yovidia mov petaypapovtol 6ta YOUETOKOTTOPO BpioKOVTaL GE LETOPPOCTIKN
KOTOUGTOAY, EVO 1 HETAPPOCTIKY EKQpacT AdpPavel yopa peténeita oto {uymto. H
AmoAo1PN 0V0 GLGTATIKMV TOV PBOVOVKAEO-TPMTEIVIKOD CLUTAOKOL (TTOL ATOKPVTTEL
oAG €16 MRNA and v petagppactiky pnyavn), tov DOZI (development of zygote

inhibited) kou CITH ( opudéAoyo tov CAR-I a6 to oxovAnkt kou Trailer Hitch omo v
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poya), el ®G OMOTEAEGUO TNV OTOLKOOOUNOT EKOTOVTAO®MV HETAYPAP®YV TOL
euowroyikd Oo émpeme va Ppiokoviolr 0e  PETAPPOCTIKN KOTOGTOAN Yol V.

ypnoponomfovv apyodtepa Kotd Ty avamtuén tov Luymtov (Mair, 2006 kot 2010).

Qokvétng

To dmhocdég Luymtd veiototon (o peiwon ywplc KuTTapikn dlaipesn mov
odnyel og éva tetpamiogdég kvttapo (Mair, 2010). To kdttapo avtd cHvTopa
EMPNKOVETOL, OmMOKTO KvnTikdTTo Kot ovopdletor woxwérng (ookinete). O
HETOOYNUOTIGHOG TOV {UY®TOV GE MOKIVETN ONUATOO0TEL TNV ANEN TNG QUAETIKNG
eaong avantuéng tov mopacitov (Pradel, 2007). Ot wokivéTtee, apol mpldcovy péca
og 24 dpec EQovv TV KOVOTNTO, AOY® TNG KWWNTIKOTNTAS TOVS, Vo ¢HAcOVY Kot v
damepdoovy 10 emBRAo TOov pEGOL EvEPOL Tov Kovvovmov (Mmidgut) omov
gykabiotavtor oty  emTEPIKY] EMEPAVEIL TOV emONAiov. XTI TEPLOGOTEPEC
MEPUITAOGELS TO TOCOCTO TOV MOKIVETMV TOV KATOPODVEL Vo SLOTEPAGEL TO KOIALOKO

Toiympa dev vrepPaivel To 1%.

O1 wokvéteg Exovv péyebog mov kopaiveror amd 10 émg 12 um pnkog kot 2pm
nayog (Canning and Sinden, 1973). 'Exouv oyfuo mov potdlel pe umovavo kot
datnpovv TNV Pacikn apyitekToviky Tov Kuttdpov tmv Apicomplexa (Vinetz, 2005).
Q61000 S10BETOVV Kot LOVAOTKE YOpaKTNPIOTIKA. Xe avTifeon pe ta pepolmidia Kot to
omopolmidlo, ot MOKWVETEC dev €YoV OAO TOL EKKPLTIKA opyavidla (Hikpoviuota,
POTTPO, KOl TUKVO KOKKLOON Oopyavidia), 0AAG Statnpodv HOVO To HIKPOVILOTO
(Sinden, 2004, Lal, 2009). Avto oyetiletar pe TOov TPOTO TOL 0 WOKIVETNG EIGPAAAEL
010 KOTTOPO 810TL dev dnuovpyel Topacttoeopo kevotdmio (Blackman and Banister,
2001).

‘Eva dAho opyavidlo mov Guvavtdpe pHOVO GTOLG MOKIVETEG KOl OTIC VEUPES
WOKVOTEG €lval To KPLGTOALOELDN. AVTA EIVOL CLGCMOUATAOUOTO ATO LKPE COUPIKA
KOUUATIL 6T0 KuTttapomAacpo. H diapetpdg tovg kopaiveton and 25 éog 40 nm ko
oyNUaTiloVTOoL GTOV OVOTTUGGOUEVO MOKIVETY VD £E0QaVICOVTOL OTAV LETATPETETOL
oe wokvotn (Canning and Sinden, 1973, Sinden, 1985). "Exel mpotabei 611 amotehovv

o de€apev TPOTEIVOV oL cuvtifevtol ota OnAvKE yopeTOKVLTTOPO Kot givan Tyn
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LoTIKNG onuaciag yoo TV avantuén Kot v petadoon twv cropolmidicnv (Dessens,
2011). TIIpoéceata, £€ywve TOLTOMOINGN O VEOS OIKOYEVELNS TPMOTEIVOV, TOV
yapoxmmpilovtar and v emkpdrero. LCCL (Limulus factor C, Coch-5b2, Lgll

domain) kot evromifovtar 6t Kpvotakiogdn opyaviola (Carter, 2008, Saeed, 2010).

O wokwvéteg yopaxtnpilovion amd v Kivntikotntd toug. Kivovvtan pe péon
ToyvTTe. 6-8 pm/min og in vivo cuvinkec (Vlachou, 2004). H Bdomn avtic g kivnong
givor cuvtnpnuévn oe 6ia. ta Apicomplexa mapdotta kot ovopdletor olobivovoa
kivnon (King, 1988). Ilpéceata otoyygia emPePardvovyv Tov poro T Hoooivig A o
Kwnmpa avtg ™¢ kivnong (Siden-Kiamos, 2011). EmwAéov, ko N aktivn mwailet
EexdBopa onuavtikd poro, Onmg delyvouv LEAETEG TTOVL YPTGLLOTOON KAV OVOGTOAEIS

¢ aktivng (Siden-Kiamos, 2006b, Angrisano, 2012a).

Mo va mpoympnoel 610 mOUEVO avOrTLELKO GTAO0, O MOKIVETNG TPEMEL VAL
dwmepacel and 600 Pacwkd eundola (ewova 1.7). To mpdTo givor to TEPITPOPIKO
OTPMUO TOV amoTeAeiton amod yrtivn kot dAleg mpwteives kot oynuatiletal yopw amod to
yebpa aipatog 16-30 mpeg petd to toipmmpo (Shahabuddin and Kaslow, 1994). T va
dmePEGOLY aVTO TO EUTAOL0, Ol MOKIVETEG EKKPIVOLV YITIVAGES OO TOL LLIKPOVILLOLTOL
(mBavov kot drhec mpwtedosg (Vinetz, 2005)) uéoca oto eEwkvttdplo mepiPdilov,
EMTPEMOVTIOS TO TEPUCUO OO TO TEPITPOPIKO GTPOUN OTO EMONA0 TOV EVIEPOL
(Shahabuddin, 1993, Vinetz, 1999). To dgbtepo eumnddo mov MPENEL VL TEPAGEL O
®OKIVETNC €lvat To 1010 T emBNA0 ToL eviépov. Ta mapdoita damepvov péca omd to
emOnAaxd KotTopa TpokaAdvTog Eva Tomo andntwong (Han, 2000, Viachou, 2004,
Rodrigues, 2012). Amo& kot o1 @OKIVETEG damEPACOVY LE EMLTLYIO TO EMONAI0 TOV
EVTEPOV, KOAAGVE pe TV Pactkn pepppdvn kdto and to emBnio ko Eekvder

LETOTPOTN GE MOKVGTEG.
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( Midgut lumen

( Peritrophic matrix

Midgut epithelium

Basement membrane

-

Ewova 1.7. Tlopgio Tov ®@0KIVET) 6T0 £VTEPO TOV KOVVOLTLOV. ATd TOov avAd Tov gviépov (Midgut
lumen), o woxwvétg dramepva TpmTa TO TEPLTPOPIKO oTpdLL0. (Peritrophic matrix) kot énerra o enifnAo
tov gviépov (Midgut lumen) ptdvovrag oty Pacikn pepPpdvn dmov petacynuotiletar 6 ®okHOT.

Kotd tov minpn oynuotiopd tov woxkwvétn and to {uymtd, Kivaceg mov
eCaptmdvTol and 0oPESTIO Kot TNV KAALOGOVAIVI] EUTAEKOVTOL GTNV LOPPOAOYIKT OVTN
aArayn (Silva-Neto, 2002), eved 6tav amovoidalovv ot kivaoeg pk7 ko gak to mapdoito

dev Tpoywphiel 6to oTddo Tov wokwvé (Tewari, 2010).

H xiyntikdmto 1oV 00KIVETN Ko 1) IKAvVOTNTA VO SLOTEPVAEL TO EMONAL0 TOV
EVIEPOL TOL KOLVOLTLOV Efvan amapaitnTes yio vo petofel o mopdoito 610 ETOUEVO
avamTLEIKO 6TAO10 TG MOKVOTNG. AV Kot 1) puBuion mov ypeldletal yio TV Kivnon
dev &yel mANpmg KatavonOei, Exet deryBel 6T e€apTdTon amd TV SLVOULKY] TNG OKTIVIG
Kot pooivng (Siden-Kiamos, 2006, 2011) kot tepthopufavel onpatodoTIKG LOVOTATLO
nov e€aptdvian and to acPéotio (Siden-Kiamos, 2006a,2008), to cGMP (guanosine
30,50-cyclic monophosphate) (Moon, 2009) kot tv yovavoliky kvkAdon (Hiral,
2006). [ToArég mpmTelveg elval amapaitnTeg Yoo TNV KIVNTIKOTNTO TOL MOKLVETT), OTMG
N aoPeoto-eEaptdpevn npwteivikn Kwvaon 3, CDPK3 (Siden-Kiamos, 2006) kot n
CTRP (Circumsporozoite and TRAP-related protein) (Dessens, 1999, 2003, Kadota,
2004). Amovcia avTOV TOV TPOTEIVAOV, 01 @OKIVETEG EYOVV YAGEL TV KIVNTIKOTNTA TOVG
Kol £T61 AOLVATOVV VO TEPACOVV TO EMONALO Kol VL LETACYNUATIGTOOV GE MOKVOTEG.
Qo1660, 0TaV 6€ AVTA TA LETOAAGY T E1G0O00V e £vEOT) MOKLVETEG, ONAOON, 0TV
0 PPOYLOC TOL eMONAIOL EEmepaOTEL TEYVIKA, TOTE OYNUOTILOVTO MOKDOTEC. LVVETMDG,

N KWNTIKOTNTO TOV WOKIVETMV €IvVoL amopaitn Yo vo dlomepdoovy To emOnAL0.
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Opmg vwdpyovv Kol Ol TEPWMTAOGELS, OTOVGIN KATOI®WV TPOTEIVAOV, OTOL
WOKIVETEG PE KavaTNnTo Kiviong advvatovv va dlamepdoovy to emOnito. TEtoleg
npwteiveg sivar tpelg perforin-like proteins, n PPLP3 (MAOP (membrane attack
ookinete protein), n PPLP4 xou n PPLP5 (Kadota, 2004, Ecker, 2007, Wirth, 2015,
Kaneko, 2015). AiAec eivor m SOAP (secreted ookinete adhesive protein) mov
ovvogetan pe v Aouwvivn g Paocikng peuPpdvne (Mahairaki, 2005, Nacer, 2008a)
ko 1) CelTOS (cell traversal protein for ookinetes and sporozoites) (Kariu, 2006). To
1010 1oy0EL KO 6TO LETOAANYLATO QVTAOV TOV TPOTEIVAOV, OTAV 01 MOKIVETEG E1G0XO0VV

ne €veon, T0Te oxnUaTilovTol MOKVOTEC.

Qokdarn

2TV CLVEXELD, O MOKLVETNG LOICTATOL [0, EKTEVH] 0vadL0PYAvmOoT|, YiveTot
o@ap1KoS Ko dtapopomoteital 6 wokvotn (00cyst). H moxvotn mepifdAietar omd Eva
oy e€OTEPKO oTpOUA TOL ovopdleTar kdyovAa (1 Tolympa g KOHGTNG) 7OV
Bpioketar eEmtepkd ¢ kuttapikng peuPpdvn (Nacer, 2008b, Srinivasan , 2008).
Anpovpyeitor mBOVAOG pe TNV GLUUETOYN Omd TPOTEIvEG TOV Kovvoumov. Exel
Bpioketar n Tpwteivny Tov mapacitov Cap380 (oocyst capsule protein) (Nacer, 2008b,
Srinivasan, 2008). H woxvotn maipvel Opentikd cuotatikd amd TV opoAEUPO TOV
KOVVOVTIIOV Y1 TV avantuén g Kabng avanticoetor peyordvel oe péyebog mov
pmopei va Egkvdet oamd Spm kot va etévet oto S0pm dtapetpo yopw otig 12 pépeg petd

10 yevpa aiporog (Moreno-Garcia, 2014).

[TopdAinia, pio oelpd omd mepimov 13 acHyypoves ITOTIKES SoupESELS 00N YEl
OTOV GYNUATIGUO YIALGd®V cmopolmidicnv. H dtadkacio avtr arokaleitor cmopoyovia
(Sinden, 1999) kot Eekwder pe v Onuovpyio. TOV OTOPOPAAGTMOV, TOL Elvat
GLVKLTIOKA AOBid10 TOVL PTLAYVOVTOL 0T TIG EYKOATDGCELS TNG TAUGUOTIKAG LEUPPAVIG
MG ®OKLOTNG Kot KéBe €va €yel éva muPNVO OV TPOKVTTEL AMO TS TOAAATAEG
MTOTIKEG dtopéoets. O aplipoc Twv ®OKLOTMV GE £V, KOLVOVTL UTOPEL VoL KupaiveTot
amo Ayec émg meplocotepec amd 1000 kot kdbe ®OKVGTN Umopel vo mepLEyel YIMAdES
onopolwidta. Téhog, n woxvotn omdel kol To cmopolmidia drackopmilovtal. Mia
npwtedon, n egress cysteine protease 1 (ECP1), cuppdiet otnv £é£060 TV pepolmidimv

LEC® TNG TPOTEOAVTIKNG TG dpaotnprotntac (Aly and Matuschewski, 2005).
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Apxetd petolhayuéva mopdoito epeoviCouv Un UGIOAOYIKY aVATTVEN GTO
0TAO10 TOV WOKLGTOV. 1d10iTEPO EVOLAPEPOV Vi NS TAPOVTIALEL EVOL LETAALOYLLOL TOV
P.berghei 6mov &yt yivel amaiowpn tov yovidiov mov kmdwkonotel thv npwteivy C-CAP
(Hliscs, 2010). 1o petdAiaypio anTo, 01 ®OKVGTEG TOPUUEVOLV UIKPES G HEYEDOC Kat
dev dnpovpyovvral oropolwidia. Or pwreiveg C-CAP mapovoidlovv oporoyia e v
emkparelo. Tpdodeong axtivng oto kapPolutehkd tuqua twv CAP (Cyclase
Associated Proteins). Avtég ol TpOTEIVEC TPOGOEVOLV LOVOUEPT) OKTIVNG KOt
eumodiCouv pe avtdv tov TpoOmo Ttov moAivpepopd Tovg. [lapduola amoteléopata
gnpaviCovton 0tav Aginet ko 1 avaywydon tng yAovtabewwvng (Pastrana-Mena, 2010).
1o petdAraypa POCHTL, wog yrtivaong (Dessens, 2001) 1} étav amovstdlel évo amod
ToL yovida psop2, psop7 and psop9 (putative secreted ookinete protein) (Ecker, 2008),
0 0pOUOC TOV MOKVOTMV UEIMVETOL CILOVTIKA, EVA Ol WOKWVETES OV TOPOVSLALovV
kdmoto mpoPAnua. H npoteivn MISFIT mov exkppaleton ota apoevikd yapetokbtrapa
eMNPeAlel T0 OTASIO LETATPONNG TOV MOKIVETN GE MOKVGTY £0VTOS £VOV puOGTIKO
polo otov kuttapikd kokAo (Bushell, 2009). MéAn ¢ owKoyévelng TPOTEIVOV
LCCL/lectin adhesive-like (LAP) &yet deiybei 6Tt Tailovv poho otnv omopoyovia. [
napaderyua, oto P.berghei n amadowpn tov yovidiov lapl odnyei oe @LGIOAOYIKO
apBud mokvoT®dV, Oumg oropolmidia dev mapdyovtar (Claudianos, 2002). Extog amd
AVTEG TIG TPWTEIVES, oTNV dnovpyio omopolmidivv Ppédnke OtL eumAéovtot Kot ot
tpeig Kwvaoeg PK7 (protein kinase 7), GAK (G-associated kinase) kot CDLK (CDPK-
like kinase) (Tewari, 2010).

2ropolwidia

Ta mepiocdtepa omopolwidia, petd ™V €£000 TOLG OO TNV MOKVLGTH OgV
katopbwvouy va emPudcovy, dALd avtd TOL EOAVOLY GTOVG GLEAOYOVOUG AOEVEG
umopet va petadofodv oto emdpevo dropo pe 1o toipunnua. To mopdoita ei6EpyovIon
07O OEPOL Kot amd EKEL LETAVOGTEVOVY GTO OUOPOPO. AYYELD 1] OTO AEUPIKO GVGTN O
(Amino, 2006). Méco. and v KLKAOQOPio, TOV OIUATOG GTAVOLYV GTO WOP Kot
ewoparrovv ota nmatoxvttapo (Kappe, 2003). To omopolwidio eivor emunkm,

eEMPP®G KUPTE KOHTTOPO, TOV AETTaivoLY 6T 60 dKpa. O Tuprvag Ppioketol KEVIPIKA
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KO VITAPYOVV EKKPLTIKG OpYOvidla 6To Eva AKpo (POTTPOL Kol LIKPOVILLATO), EVE GTNV

TEPIPEPELR VILGPYEL TO Ec®TEPIKO pepPpavikd cvumioko (Cyrklaff, 2007).

Y10 opyaviola Tov eumpochiov dkpov TV omopolmidimv vrdpyel amdBepo
TPpOTEIVOV oL Tailovy pOro otV €16POAN 0T0 KOTTAPO-EEVIOTY]: TPOSKOAANTIVES
(adhesins) o6mwg m mpwteivn CSP  (circumsporozoite protein) kot n TRAP
(thrombospondin-related antigen protein), mov emitpémovy TV ©OVIEON HE TIC
YAVKOGOUIVOYAVKAVEG TOv Kuttdpov-Eeviotny (Banister, 2009). H CSP &ivon o
ocvvinpnuévn GPI (Glycosylphosphatidylinositol) dykvpa Kot KaAOTTEL OAOKANPT THV
EMEAveD, Tov omopolmidiov. Amofdiletor Otav 1O TOPACITO KIVEITOL GE GTEPEN
emoavelo apnvovrtag tyvn (Stewart, 1991). H CSP givar vrevBuvn kot yo v avamtoén
TOV MOKLOTMV KOl Yoo TNV dtapoponoinon tov onopolmidiov. Xpewdletol yio v
GLVOEST] TOV OIKTOOV WKPOCOANVICK®V pE TNV e€MTEPIKN PEUPPAVN TG ®OKHGTNG
(Thathy, 2002). Eniong, @aivetol va mailel pOA0 6NV avayvdpion ToV 6mopoloidiov
a0 TOVG GlEAOYOVOLG 0d€vEG ToL kKovvoumioV. H mpwteivn TRAP exppaleton katd tnv
SLIPKELNL SLOPOPOTOINCNG TOV GTOPOL®MIdIWV GTV MOKVLOT KOl CLGCMOPEVETOL GTA
pikpovipata. Etvatl onuavtikn yio tyv kivnon tov omopoloidimv Kot tnv €I6BoAN 610
kottapo-Eeviotyy (Sultan, 1997). Kotd tv emapn pe to kdtropo-Eeviotn Kot Tthv
kivnon, avt) 1 mpoteivny amelevBepmdvetar and to pikpovrpata (Gantt, 2000). H
npwteivi MAEBL BpickeTot oTo LIKPOVALOTO KO 1] OTOAOLPT] TOV YOVIOiov Oeiyvel OTL

givo amapaitntn yio Ty e16Boin otovg olehoydvoug adéveg (Kariu, 2002).

1.6 Aktiveg

H axtivn elvan pua. c@aipikn mpoteivn TV ELKOPLOTIKOV KVTTAP®OV YOP® GTO.
42 kDa. Xvvavtator og povouepés (G-actin), oAld m Poaocikn 1610THTO TOL THV
yapoxmpilel eivor o oynuotiopdg widiov (F-actin) pe tov molvpepiopd g O
TOAVUEPIGHOG TNG OKTIVIG tvar pia SUVOLLKY] dladkaGio Tov eEAPTATOL XWPOYPOVIKA
amd po TAnOmpa TpoTEiVOY OV cuvdéovTon pe avtiy (actin-binding proteins, ABPS)
(Lee and Dominquez, 2010). Tlepiocdtepeg amd ekatd mpmteivec mailovy polo otV

puOon tov moAvpepiopod TG okTivig. QoTdc0 o1 TEPIGGOTEPEG OmMO OVTEC
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anovctdlovv and 1o eVA0 twv Apicomplexa. Mévo gvbOypappa widie aktivng
Bpiokovtar oto Apicomplexa, xafd¢ amovotdlel to ocdbumioko Arp2/3 mov eivau
VEHOLVO Y10 TIG SLAKAUSDGELS TV WWIdimV 6TOVG dALovg opyavicuovg (Goley, 2010).
Inuavtikég ABPS ota Apicomplexa eivat ot mapdyovteg amomoivpepiopod ADFI kot
ADF2 (actin depolymerizing factor). O ADF1 givaw amapaitntog 6to un QUAETIKA
o140, evdd o ADF2 mailel pOLo GTOV HETACYNUATICUO TOV MOKIVETDV GE MOKVGTEG
Ko 6TV €i6060 TV omopolmidinv oto fmap (Doi, 2010, Schuler, 2005). Mia eniong
ATOPOLTNTN TPAOTEIVI Y10 TOV TOAVUEPICUO TNG OKTIVIG GTO TAPACLTO TG EAOVOGTNG
givon n Tpoedivn (Kursula, 2008). EmuAéov, n mpwteivy CP (capping protein) mov
otabepomotel v  F-oaktivn, elval onuovtikn yw v Kivnorn tov mopacitov 6To

kovvovmt (Ganter, 2009).

H axtivn glvon kOp1o otoryeio Tov KuTTopockeAeTon Kou mailel pOAo g TOAAESG
Baoikég depyaoieg, OTMG 6TV Kivnon Tov KVTTdpov, TV pTmon Kot KuTtokivnor|, Tov
kaBopiopd TOv GYNUOTOS, TNV CNUATOSOTNOT|, TNV EVOOKVLTTUPIKY HUETOPOPE, TNV
evookvTmon kal v ékkpror (Chen, 2000, Carlier, 2003, Pollard, 2009). Extoc amnd
OVTEG TIC AELTOVPYiEG, M OKTIVI EUTAEKETOL KO OTNV HETAYPOPIKN pvOuion, lte pe
KUTTOPOTAACUOTIKEG OAAAYES GTNV SUVOALIKN TNG KVTTAPOOKEAETIKNG OKTIVNG gite pe
TOV GYNUOTIGHO pLOMGTIKGOV cvumAdkov g petaypaeng (Hofmann, 2009). H
petaypa@iky pvduon mov eaptdror amd TV OLVOUIKY TNG KLTTOUPOCKEAETIKNG
axktivng, umopel va amodobel oty Oapdpemon NG VTOKLTTAPIKNG 0éong TV
petaypoeikav puuotov and tic ABPs (Gettemans, 2005). Ao tv GAAN 1 TopnVIKN
axtivn €xel pOAO OTNV UETOYPAPT) CLUUETEYOVTOG 0 cOumAoka pe Tig Tpelg RNA
TOAVUEPACEG, GE OCLUTAOKO Yo TNV OvVOO0PYAVOoN NG YPOUHOTIVIIG Kol UE
piovovkieonpmteiveg (RNPS) pe podo oty enelepyacio tov MRNA kot v €000

RNA kot tpoteivav amd Tov Tuprva.

Ot aktiveg cLYVA ATOVTOVTOL HE SLOPOPETIKES IGOUOPPEG OTO EVKOPLMTIKO
KOTTOPO TOV UTTOPEl va eKPPALoVTaL GE SLOPOPETIKO TOTO Kot XPOVO KOTA TNV OVATTUEN
tov opyaviopov (Wagner, 2002, Tondeleir, 2009, Perrin, 2010). O oapOudg tov
GOUOPPOV OKTIVNG TOKIAEL GTOVG EVKAPVMTIKOVS 0pYaVIcHoVS. Evag pikpdg aptBuog

LOVOKDTTOP®V EVKOPLOTIKOV Opyavicp®mv, Omw¢ ot Saccharomyces cerevisiae,
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Toxoplasma gondii, ko Trypanosoma brucei éxovv éva yovidio Tov KodIKOTOEl aKTivn
(Shortle, 1982, Dobrowolski, 1996, Garcia-Salcedo, 2004). Qotdéc0o ot meptocdTEPOL
opYOVIGHOL €Y0VV TAV® omd L0 IGOUOPPES TOV KMOIKOTOOVVTOL OO SLOPOPETIKA
yovidwa. 'Eva facikd epdTnHa 6TO Vo KOTOVONIGOVUE TNV AElTovpyia TG aktivng ivot
€AV Ol OLPOPETIKES 1COUOPPEG EEVTNPETOVY JUPOPETIKEG AELTOVPYiEC PEGO GTO
KotTapo. Ot axtiveg eivar vynAd cvvtnpnuéveg mpwrteiveg, pe povo 10% amdxion
peta&ld Tov caKyapouLKNTL Kol ToL avOpadmov. To OnAactikd £govv €61 1GOHOPPES
axtivng, mov dev dtapépovv peta&h Tovg og eminedo aAAniovyiog tepiocdtepo amd 6%
Kol LETOED TV E0AV £Vl OVGLACTIKE TAVTOSNUES. L20TOCO AVTEG Ol LIKPEG OLAPOPES

elval apkeTég Yoo va TPOGOMGOLV OOPOPETIKES AEITOLPYIEC OTNV KAOE 1GOUOPOT

(Herman, 1993).
1.6.1 Ov axrtiveg 610 TOPAGLTO TNG EAOVOGIAG

Y avtibeon pe ta vrolowro Apicomplexa, Tov dtabétovv o pdvo 1GoHopPeY
axtivng, ta mapdolto TG €Aovociag £xovv 0v0 Yovidla TOV K®IKOTOOVV S0
SPOPETIKEG 1I60HOPOES aKTivng, TV aktivi 1 (PBANKA 145930, ypoudcoua 14)
kot v oktivin 2 (PBANKA 103010, ypoudcopo 10). Xe eninedo mpoTEIVIKNG
aAAnAovyiag, ot 600 aktiveg £xovv TOGOGTO OpoldTNTOG HIKPOTEPO altd 80% o€ oyxéon
ne GALEC 1OOHOPPEG aKTIVIG, dALA Ko petalh Tovg £xovv opotdtnta 78%. To mocootd
avtd Bewpeitan kPO OTOV TPOKELITAUL Y10l IGOUOPPES AKTIVNG. XTO YOVidlo axtivyg 2, To
avorytd mhaicto avéyvoong (open reading frame, ORF) kmowonoteitar omd 600 eEdvia
oL dlaKOTTTOVTAL Ao £vol vTpdvio mov Ppioketar 448 vovkAeotidia kabodukd amd To
KOIKOVIO Evapéng tov yovidiov. To yovidlo axtiviig 1 dev mepLEYEL KATOLO VTPOVIO.
Yuykpivovtog Tic aAiniovyiec, aivetal OTL Kot 01 VO IGOUOPPES AKTIVIG VINPY OV

otov kowd Tpdyovo Tov Plasmodium zpiv tnv e180yéveon (Deligianni, 2011).
1.6.2 Ot 0v0 OKTIVES £YOVV OLUPOPETIKA YOPOKTIPLETIKA

O1 teprocdTepeg PeAéTeS Yo TIC akTiveg ota Apicomplexa eatidlovv 6Tov poro
toug omnv oAlcBévovoa (gliding) «kivnon Tov  mapacitov, évo  amopoitnTo
YOPAKTNPLOTIKO Yoo TNV €6PoAN 610 KUTTApPO Eevioth. QotdG0, OMMG Kol GTOLG

VTOAOITOVG EVKAPVATES, Ol OKTIVEG TV TOPAGITOV TPEMEL VO GUUUETEYOVV GE TOAAEG
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SPOPETIKEG KVTTAPIKESG dlepyacies. O TOAVUEPIGUOG TG AKTIVIG Eival amapaitnTog
Yy avtV TV Kivnon kot mhavov coppetéyel oty €l6Pforn ko v €£000 amd To
kottapo Eeviotn (Sibley, 1995, Heintzelman, 2006, Meissner, 2013). [Topd ta otoygia
TOV LILAPYOLV YO AV TOHV TOV KPIGIHO POAO TV WIdI®V aKTIvNg, Lakpld vidlo aKTivig
&yovv Ppebei povo oto Theileria (Kuhni-Boghenbor, 2012), to omoio dev @aivetot va
ypnotpomotel widia axtiving yia v €6PoAr oto kvttapo Eeviotn. H mapovoio
KavVoViK®V widiov axtivng oto Plasmodium sivon aféBoin (Kudryashev, 2010, Siden-
Kiamos, 2012, Angrisano, 2012). In vitro, ot axtiveg Tov Apicomplexa oynuatiCovv
Kovtd widia mepimov 100nm (Wetzel, 2013, Sahoo, 2006, Schmitz, 2005, Schuler,
2005). Mg v ypfon €W0IKOV OVTICOUATOV omokaADEONKay dopuég Tov Hotdlovy UE
widwo oto Plasmodium (Siden-Kiamos, 2012, Angrisano, 2012). H axtivn oto T.gondii,
mov €xet opodmta 93% pe v oxtivy 1 tov Plasmodium, molvuepiletor o€
GLYKEVIPADGELS OEKOA POPEG LMKPOTEPES OO TIC VITOAOUTEG OKTIVES TMV EVKAPVOTIKMV
opyavicpuav (Sahoo, 2006). Opmg 1 meplocOTEPN TOGOTNTO OKTIVIG PBpilokeTon g
LLOVOULEPT], TTOL CTLLAEVEL OTL TOL vidta ep@ovifovtan HOVO TopodIKd Kot 0 TOAVUEPIGOG
etval KAT® amd TOV oVoTNPO EAEYXO PLOUCTIK®OV TPOTEIVOV, 1 KOADTTETOL OO TIG
SPOPETIKEG WOOTNTEG TOV LOVOUEPOVG. ATO TNV GAAT, vroAoyileton 0Tt T 2/3 ™G
axtivng tov Plasmodium ota pepolmidia, mov eioPfdiovy ota epvbpokidttapa, oA
dev yoapaktnpifovial amd olchévovsa kivnomn, Ba propovcav va fpickovtol oG Kovid
widw (Field, 1993). IIp6écara, pe Tnv AOoN ™G KPVOTOAAIKNG SOUNG TOV LOVOUEPDV
g axtivng 1 kot g axtivng 2, Bpébnke OtL o1 6v0 oopopeég drapépovy. Emiong,
NAEKTPOVIKEG LUKPOYPOPieg amokaAdTTOVY O0TL 1) akTivn 1 oynuotilel pukpd kot aotadn
widla, evd M oktivn 2 oynuatilel pokpld ko otabepd widio in Vitro pue mapopoteg
OloTAcELS e TO Widl GAA®Y €UKOPLOTIKOV akTvav (sikdva 1.8). Kot ot 600
16opopPEG aKTivng voporbovy ATP mo amotedecuatikd omd v 0-oKTiv) Kol €
avtifeon pe dAAeg aKtiveg, kot ot 000 oynuaTilovy Ypryopa OALYyOUEPT TOV ETAYOVTOL

and to ADP (Vahokoski, 2014).
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Ewova 1.8. Ta widio TV 600 160pop@av aktivig dtopépovv. A. Hiektpovikég pukpoypopieg tmv
widiov aktivng in vitro, amovsia tapayovimv otadeponoinong twv widiov. H aktivy 1 oynuatilel kovid
wida yopig cvppetpio EAkag o€ avtifeon pe v axtiviy 2. B. Ta widw g axtivig 2 Kopaivovtol ord
gkatovtadeg Nm péypt 1-2mm. O GEovag Y givor o hoyopBukn khipoxa (Vahokoski, 2014).

1.6.3 H aktivi] 2 ek@paleTor 6TO QUAETIKG GTAOLN KOl GTOV OKIVETT

H aktivn 1 exppdleton o apBovia kb’ 6An tnv didpketa Tov KOKAOL (NG TOL
napocitov (Dobrowolski and Sibley, 1996). To yovidwo axzivy 2 tavtomomdnke yuo
npot| @opd to 1988 oto P.falciparum (Wesseling, 1988) kot Bpébnke oOt1
LETOYPAQETOL HOVO oTo QUAETIKG otddia (Wesseling, 1989). Xto P.berghei pne
aAvcd O™ avtidpaocr mtoivpepdong avtictpoens petaypaens (RT-PCR), Bpédnke ko
€0 OTL TO YOVIO0 Elval avEVEPYO GTA LN QLAETIKA GTAOLNL KO LETAYPOPO OV VEDOVTOL
Kol oto apoevikd kot to. OnAvka yauetokvttoapo (Deligianni, 2011). Emuwiéov,
TomofeTMVTAG TO YOVidlo Tov kKmdikomotel Tnv GFP kdtm amd tov Aeyy0 TOL LTOKIVITA
TOV YOVISIOL akTivey 2, 0eV aviYVEDETOL GNILOL GTOL 1UT] PLAETIKA GTAdL0, EVA evtomileTan
KOl GTOVG EVEPYOTONUEVOLG OPGEVIKOVS Kol TOVG ONAvKoLG YoUETES, Le 9 popég mo
oyvpd onua ota apoevikd (Deligianni, 2011). Zto un euietikd otddio tov P.berghei
oto kovvovmi, pe RT-PCR petdypapa evtomilovtal 6TouG MOKIVETEG AL O)L OTIC

®OKVOTES, EVD gV el Yivel ELeyyoc oto omopolwidio (Andreadaki, 2014).

H éxppaon g tpoteivng aktivng 2 ota d1dpopa oTddia Tov KOKAOV (NG 6To
P.berghei eléyybnke o mapdotta mov exepalovv v GFP-actin 2 and emicopo. H
TPOTEIVN OEV QVIYVEDETAL GTA LT PLAETIKA GTAdO TG EPLOPOKVLTTAPIKNG PAoNS. XTaL
youetokOTTOpa EVTomileTon LOVO 6To, 0pceVIKA Kat Oyt oto, Onivka (Deligianni, 2011).
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2TOVG 0poEVIKONG Youstes, evd dev aviyvedtnke onua (Deligianni, 2011), eaivetal
TeMKE Ot TpWTEIV VILGpPyEL (U dnuoctevpéves Topotnproelg oto P.berghei kot oto
P.falciparum and Rupp, 2010). Xtovg Onivkote youéteg 1 GFP-actin 2 evtomileton
(Andreadaki, 2014). Kot oto {uywto aviyvevetar to ofjpa g GFP-actin 2. Xe avto to
0TA010, 1 £EKPPACT] TNG TPOTEIVNG YIVETAL At TO YOVidl0 TOv KANpovounonke and tov
OnAvKO yapétn, eved 1 EKEPocn omd TO OPCGEVIKO GTOUOTAEL LETA TNV YOVILOTOINoN
(Andreadaki, 2014). Zta un euAetikd otado tov P.berghei oto kovvovmt, n GFP-actin
2 gvtomieTon 6TOVG WOKIVETES OAAG OYL OTIG WOKVOTEG, EVM OEV £)XEL YIVEL EAEYYOC OTA
omopolwidto. (Andreadaki, 2014). Qot6c0, Tpotemkn perétn oto P.yoelli deiyvet

NV TepoLvGio TG akTivig 2 610 6Tdd10 TV oropolmidimv (Lindner, 2013).
1.6.4 Melréteg Yo TNV AgtTovpyio TG OKTIVIG 6TO TOPAGLTO

H axtivn 1 exppdletor o apBovia ko’ 0An v didpketa Tov KOKAOL (NG TOL
mapacitov kot etvon CoTtikng onposciog ywo to kottapo (Dobrowolski and Sibley, 1996).
Mo avtd T0v AOY0o dev €xel peietnBel pe pebBodovg poplaxng yevetkng. Qotdco,
HEAETEG PE OVOOTOAEIS aKTivig Oeiyvouv OtL amotelel éva oMUOVTIKO HEPOG TOL
UNYOVIGHOY Kivnong Tov mapacitov Kot ToVv UNyovicol €I6POANG TOL 6TO KOTTOPO
Eeviom (Miller, 1979, Dobrowolski and Sibley, 1997). Méca ota gpvbpoxitropa to
TOPAGITO, TPOCAAUPAVOLY TNV GLLOGPOIPTV LE EVOOKVTMOT KOL TV UETAPEPOVY GE
vrokvtTopkég 0celg méyng (digestive food vacuole), pécm kvotidimv. Aedopévov otTt
OTOVG EVKAPLMTEG 1) GAKTIVI] GUUUETEYEL OTNV EVOOKLTTOOT], peAéTeg oto P.falciparum
HE avaoToAElg axtivng dsiyvouv OtL  aktivn 1 cuppeTéyel o TNV TV OladIKAGIA,
&xovtag pOAO GTOV GYNUATICUO Kol TNV HETOPOpd tov kvotdimv (Smyth, 2008).
Emumdéov, mpoopateg peréteg oto P.falciparum phodv yu évav polo tng oty
yovidwakn pvbuion. Me v ypnom Tov avacsToAén amotkoddunong widiov JAS &yet
Bpebel 6TL N axtivn mov Ppioketar otov mup Ve TEPLOPIleTal GTNV TEPIPEPELD TOL
TUPNVO. Kot iomG €xel va Kavel pe tnv yovidtokn pvOuen (Angrisano, 2012). Exiong,
éxet OeryBel OTL CUUUETEYEL OTNV EKEPACT] TOV Var YoVIdlmV oTa U1 QLAETIKA 6Tdd10,
T0 oToia efvot GNUAVTIKE Y10 TNV QOVOTLTIKY TOtKIAOpop®ia Kot TV mafoyévela Tmv
nmopoacitov. To wtpdvia Twv var yovidiov aAAnAosmidpodv pe £vo oTotyelo Tov Tupniva

OV TPOGOEVEL TPWTEIVES. To oTolYEl0 AL TO AAANAOETOPA e TNV aKTivn Ko TomoOeTel
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T yovidlo var amd HETOYPOOIKO OVEVEPYEC OE LETAYPOUPIKO EVEPYEC TEPLOYEG OTNV

neplpépela Tov mopnva (Zhang, 2011).

[Iponyovueveg peléteg 610 €pyacTnplo pag £6€1E0V OTL 1 KOTACTPOPT TOV
yovidiov axtivy 2 éyel ¢ omotéhespo o coPapn PAAPN oty yopetoyéveon Tov
apoevikod. H €£0d0g tov mapacitov amd to €pubBpokdTTapo Kot 1 ekPoin TV
apoevikav yapetdv (exflagellation) oavaotédletar, kabwotmdviog oddvatn TV
yoviuomoinon tov OnAvkod kol TNV HETAOOON HEGH TOL KOLVOLTIOV. Evd Ta
atovinuato oynuatiloviot dev €xovv TV duvatdTTa Kivnong kat ot 600 pepPpaveg
nov mepPdrrovv 10 mapdoito (PVM kot RBCM) mapapévouv avémapes. To Onivko
dev emmpedletal and v amovsio TG aktivng 2, KaBdg pmopel Kot eE€pyeton amd to
epLOPOKVTTOPO-EEVIOTH] KO YOVIpoToteital omd aypiov TOTOV OPCEVIKOVS YOUETEG,
YOPIc va vITdpyel TPOPAN LA 6TV GLVEYIOT) TOL KOKAOV (NG EmmAéov, amodeucvoetal
ot M amovsio tng axtivng 2 ennpedletl v vrokvTTaPIKY B¢0m TG aktivng 1. H axtivn
1 mapopéver otov mopniva, avti va meplopiletor 6T0 KLTTOPOTAAGHO HETE TNV
gvepyomoinon ota apoevikd yapetokvtrapa (Deligianni, 2011). Av ko timote GAAo dev
Ntav yvootd péxpt TPOTIVeS Yo, Tov pOA0 Tov €xel M aktivn 2 o610 Tapdoito, To
Tapomdve amotedéopoto deiyvouv 0Tt Katéyel vav (mTikng onuaciog poro otnv

YOUETOYEVEST) TOV OPGEVIKOD. Q6TOG0, 1 aKPIP1g Aettovpyia TG TOPAUEVEL AYVOOTT.

Ewovo 1.9. Apoeviké &gvepyomompuévo YOUETOKVTTOPO dmovGio Tng axtiving 2. Ewodva omd
NAEKTPOVIKO HIKPOGKOTLO S1EAEVOTG EVOG OPTEVIKOD YOUETOKVTTAPOL 15 Aemtd petd tv evepyomoinon.
A. Y10 vuttapdmlacpo eaivetal katd pnkog éva a&ovnua (Ax, pavpo BELog) Kat eyKApPGIEG TOUES OO
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GAla dVo (aotepiokol), kubdg emiong kot oouo@uikd ocopdte. (Ob). Kiipoko 2mm. B.
Evepyomompévo apcevikd yopetokvttapo oe peyéfuvon. Xy ewdva gaivetal 1 eykdpotlo Topr ond
éva a&ovnua (peyddo pavpo Bérog) kot Eeywpilovv  Thacpatiky pepPpdvn tov mopacitov (PM), n
pepfpavn tov mapacttoedpov kevotomiov (PVM) ko n pepfpdvn tov gpvBpoxvttdpov (RBC) mov
nmapapévouy avéraess. Kiipoko 0.2mm. Me Nu cupforiletor o Topnvag.
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YKOmOG TG TAPOVOUS HEAETNG

Ta 6140100 TOL TOPAGITOV GTO KOVVOVTL ATOTEAOVV EVal KPIoUO TTEdI0 EpELVIG
Yoo TNV TOPEUTHOIOT TNG UETAOOONG TOL TOPAGITOL, GTO TAAIGLOL TNG YEVIKOTEPTG
e€ahenync g ehovooioc. H yapetoyéveon tov mopacitwv eivar éva kouPikd onueio
otov KOKA0 NG Tov Tapacitov, ivat To 6Tad0 petdfaong and Tov £va EEVIOTY GToV
dAho. Qotdco, Alya elval yvOOTA Yo TOVG UNYOVIGUOUG TOV OETOLV VT TN
dwdkasio. XTOY0g TG TapoHoag HEAETNG NTOV VO SIEVPVVOVUE TIC YVAOOCELS LOG Y10l
avTé To avamTLEIOKA GTASLN TOL TOPOVGLALOVY HEYAAO EVOLAPEPOV TOCO Yo TNV
Katavonon g froloyiog Twv Topacitwv 660 Kol Yol TV OVIILETOTION TS acBEvELag.
YUYKEKPIUEVO, OTO TPADTO KEPAANIO TOV OTOTEAEGUATOV UEAETOUE TOV UNYOVIGUO
€£600V TOL TTaPAGiTOV aTO TO EpVOPOKVTTAPO, TOV amoTEAEL Pacikn TpobmdBeon Yo
TNV OAOKANP®OT TNG YOUETOYEVESTG. XTO ETOUEVO KEPAAOLO EGTIALOVUE TNV HEAET
pog oty axtivn 2, o IpoTeivn mov ival amapoitnTn TNV YOUETOYEVEST. LKOTOG
NTOV Vo TPOGEYYIGOVLE TOV POLO TTOV £XEL ALTH 1) TPOTEIVY 6 AVTO TO GTAS10, GALY
Kol 0To LIOAOWTA AVOTTVEIKE GTAON TOV TOPAGITOL G6TO KOovvoLTL ¢ HOVTELO
opyavioudc ypnowomodnke to mapdoito TtV Tpoktik®v P.berghei. Ta
AMOTELECUATO TNG TOPOVCAG UEAETNG TOV TEPIYPAPOVTOL GTO ETOUEVO KEPAAOLML,
napovcidloviar 6e 3 dnupoctevpéva dpbpa, evod €va tétapto €xel vmoPAndel yio

onuoacievon.

Kepdahraro 2: 'E&060G YOPETOKVTTAPOV 016 TO EPLOpPOKITTAPA.

Andreadaki-M, Hanssen E, Deligianni E, Claudet C , Wengelnik K, Koutsouris K, Mollard V, McFadden G,
Abkarian M, Braun-Breton C, Siden-Kiamos I. Sequential membrane rupture and vesiculation during Plasmodium
berghei gametocyte egress from the red blood cell. (YropoAn ywa dnpocicvon)

Kepdhioro 3: Avtikatdotaocn g aktivig 2 ne v aktivy 1

Andreadaki M, Morgan RN, Deligianni E, Kooij TW, Santos JM, Spanos L, Matuschewski K, Louis C, Mair GR,
Siden-Kiamos I. Genetic crosses and complementation reveal essential functions for the Plasmodium stage-specific
actin2 in sporogonic development. Cell Microbiol. 2014 May;16(5):751-67.

Ke@araro 4: AvTiKaTAOTAOT TG OKTIVIG 2 PHE YIROIPIKE NETUALAYRATA OKTIVIG

Vahokoski J, Bhargav S.P, Desfosses A, Andreadaki M, Kumpula E.P, Martinez SM, Ignatev A, Lepper S,
Frischknecht F, Sidén-Kiamos I, Sachse C, Kursula I. Structural differences explain diverse functions of Plasmodium
actins. PLoS Pathog. 2014 Apr 17;10(4):e1004091.

Kegalao 5: TIpo@ik yovidrwokig Eékppaong oto. act2(-) kar CDPKA4(-) yaperokvtrapo.

Andreadaki M, Mollenkopf HJ, Nika F, Tewari R, Matuschewski K, Siden-Kiamos . Global expression profiling
reveals shared and distinct transcript signatures in arrested act2(-) and CDPKA4(-) Plasmodium berghei gametocytes.
Mol Biochem Parasitol. 2015 Jul 26;201(2):100-107
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KE®DAAAIO 2

"EE000¢ YONETOKVTTAP®YV A0 T
gpvodpoxvTTUPO.
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2.1 EIXATQT'H

Ta mapdoita g ghovociag eE€pyovial amd To KOLTTOPO EEVIOTN OTAV OLTA
Bpiokovtar oe kpicwa petafotikd otddle Tov kKokAov {ong. H amelevBépwon twv
pepolmidimv amotedel Eva onuoavtikd Prpa yio v evoo-gpudpokuTTapikn avamtuén
Kot 1 €£000¢ TOV YOUETOKVTTAP®V IVl amapoitnTn Y10 TNV HETAO0GT] TOL TOPAGITOV
péom TV kovvouvmidv. IIpoketar yio pio mepimlokn dadikacio mov meptlapPdvet
apyd v pnéN g HeRPpavng Tov tapacito@opov kevotoniov (PVM) ko énerta tnv
pMEN ™S peuppdvng tov gpvBpokvttdpov (RBCM). Avtd ta dadoywkd Prpota
yopaxtnpilovv 1660 TV ameAevbépwon tov pepolwidiny, 6o kol TV ££000 TMV
YOUETOKVTTAPWV Ao T0 KOTTOPO EEVIoTr. Opme, Tapd avtv TV Bacikn opodTnTa, M
dradkacio e£0d0v TV pepolwidimv kot n dadikacio EE660V TOV YOUETOKVLTTAPW®Y OV
etvan tawtdonpeg, S0t £xovv Ppebel mpmteiveg mov mailovy amoKAEGTIKA POAO KOTA

™V €£000 TOV YOUETOKLTTAP®V.

2mv mapovoo pHeEAETN otdyog Ntav vo peketnBel extevéotepa 1 €£0d0G TV
YOUETOKLTTAP®Y amd TOo €pLOpoKHTTOPO EeVioT KO v yivel GUYKplon HE TNV
dwdwkacio anelevBiépwong Tov pepolwidinv amd To epvdpoxkvTTOpA, Y10 TNV OTTOid
Non €xet yivel pua mo Aemtopepng avéivon amd v opdda e Catherine Braun-Breton
kow tov Manouk Abkarian. H pelétn avt) amokdlvye o0tL 1 anedevfépwon Tov
pepolmidiov amoteleitan amd Tpio facikd frpota. XTo TpOTO PriHa, Vg HLoVIOKOS
wopog avoiyel oty RBCM, amd tov omoio ektvdocovtal mpog o €@ éva pe dvo
pepolwidia. Ztv cuvéyeia 1 RBCM avadumddver omd péca mpog ta £® Kat, TEAOG,

KAUTTETOL OTOTOWO CTPDYVOVTOS T VITOAouTa pepolmidio pakpid (Abkarian, 2011).
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2.2 AITIOTEAEXMATA

H xozoypapn e e£000v 1V YOUETOKDTIOPWY UE DWNAN TayDTNTO. ANWNC amokoADTTel

my pnén twv 000 ueufpoavay mov mepifalAovy TO WOPACITO KOl TOV GYNUATITUO

KvoTIOlWY

Me v ypnon Kapepag yio VYNAN ToydTNTA ANYNG, OTOS KoL GTNV TEPITTMON
TV pepolmidimv, yve Kotaypoaer TG otadkaciog £600V TV YOUETOKVLTTAP®Y amd
T0 £pLOPOKHTTOPO GE TPAYUOTIKO XpOvo. Méypt oTiypng ot KatoypagEs (o1 ANYeLg
TOVIDV) TTOV LITAPYOLV YOl TNV YOUETOYEVEST] €6TIALOVY GTNV d1adIKaGia EKBOANG TV
OPGEVIKOV YOUETOV OO TO 0PYIKO KOTTAPO Kot Ol otV apyn g 6500, evod Yo Ta
OnAvkd dev vmapyovv kaBoAov odedopéva. o avtd, o okomdc pog MTav va
Bvteookomicovpe Ta yeyovoTa avtd amd TV apyn g ddkaciog e£6dov. Astyuata
aipatog amd poAVoUEVE TOVTIKIOL UE TO TOPACITO TNG €Aovoociag apotddnkav oe
KOTAAANAO OPEmTIKO LEGO Y10 TNV EMOYWYN TNG YOUETOYEVEONC KOl TOTOOETNONKAY O

OVTIKEYLEVOPOPEG TAGKES LLE GKOTO TNV Kataypapn s e£6000.

YUVOMKA Kataypaenkay 56 yeyovoto €£000v ek TV omoiwv To 22 givot
apoevikd mapdotto kot to 34 OnAvkd. Evdewktikd mapovoidlovior  Kamola
OVTITPOCOTEVTIKA GTLYHOTVTIOL otd ONAvKA Kot apcevikd (eikoveg 2.1 kan 2.2). Eivou
EexaBapo OtL M €€000¢ TV APCEVIKAOV Kol ONAVKOV YOUETOV amd To £pLOpPOKHTTAPO
dev akoAOVOEL Vo GTEPEOTVTIKO TPATLTIO KOl VITAPYOVY CNUOVTIKEG dLOPOPES GE KADE
nepintwon. Qotdco, o€ OAEG TIG KOTAYPAPEG TOL EYOLV Yivel Yo TNV €000 T®V
YOUETMV, 1) GEPA TV YEYOVOT®V TAPOLGLALEL KATola Kowvd yopaxktnpiotikd. H mpodt
€LO1AKPITN O1BIKOGIO TOV TOPATNPOVE GTO KOTTOPO UETA TNV EVEPYOTOINON elvar M
dtdykmon tov gpubpokvttdpov (ewdva 2.1a,b,m kar 2.2K). Avtd €xel og omotélecua
10 TOPAc1To oL Ppioketor evidg va Aappdverl o acoppetpn Béon oe pia TAevpd
£0MTEPIKEA TOV £pvOpoKLTTAPOV. Mepkd Aemtd apydtepa axorovbel n pnén e PVM
OV KOTOANYEL OTOV OGYNUOTIOUO KLOTWOIOV OTOV EVOLAPEGO YDPO UETAED TOL
napacitov kot ™¢ RBCM (ewova 2.1eflj,n ko 2.2a,b,ehl). Toa xkvortidia
petaktvovvTol eAevBepa pHEca 6TO pLOPOKVTTAPO, YEYOVAS TO 0moio Ba Pmopovce va
onuaivet Ot €yel yivel mEYN TOL KLTTOPOTMAAGUOTOS TOL €PLOPOKVLTTAPOL 1)

EVOALOKTIKA TO KLUTTOPOTAACLO, £YEL SLOPPEVCEL €M amd TO KVTTAPO. APKETA AETTA
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apyotepo 1 RBCM avolyer oe €éva povadikd omnueio, OMpovpydvtag &vov
otabepomompévo Topo. Amd avtdv Tov povadikd mopo mov oynpatiletor oty RBCM
Byaivouv mpoc ta £€m kuotidia g PVM mov apyikd Bpickovtay eykhoPiopéve otov
evoldpeco ympo peta&d mapacitov kot g RBCM. To gawvopevo avtd mapatnpeiton
1660 ota Onivkd (ewova 2.1C,0) 660 Kol GTO OPCEVIKA TOPAcITa. XT0 ONnALKA
KatoypdeeTon Kol 1 mepimtwon 6mov to Kvotidw g PVM PBpickovion amd v
avtifetn mhevpd omd TO AVOLY O TOL TOPOV KOt £TGL ATEAELOEPDOVETOL TPAOTA O YOUETNG
(ewova 2.19,k). Qot660, otV TAEOYNPIO TOV TEPMTOCEDV TMV OPCEVIKMDV
napocitov, N €£000¢ TV Kuotwinv g PVM yiveton éneita and v ekfoin evog
APOEVIKOD YOUETN omd TOV Hovadtko mopo (wkova 2.2¢,1). Ty swova 2.2f paivetan
T0 TopddEypo 6mov og TPOTN PAomn £va kvotidlo g PVM e&épyetar and tov mopo
Kot akoAovBel 1 €£000¢G TOL apoeviKoD YouéTn omd To idto onueio. Ztnv ewdva 2.2m,
1N ££000¢ TV KLoTimv Tponyeitat amd TNV ££000 TOV OPGEVIKOD YOUETN. APUECHS LETA
amd avTd TOo 0TAd0, 0 povadkog mopoc otnv RBCM dtevpivetarl kot ot yopéTeg
anelevbepdvovior TAnpwc. To yeilog Tov mOpov amoctabeponoteitor kot 1 RBCM
kauntetat. Téhog 1 RBCM tepayiletor onpiovpymdvrag pikpd kvotidw. Ta kuotidia
and v RBCM napapévouv kovid otov OnAvkd youé 1 avtiotoryo 610 VTOAOUTO
OMOU TOV APGEVIKOD YOUETOKLTTAPOV Yo UEYOAO YPpOVIKO didotnua (ewkova 2.1d,h,1,p

ko 2.2d,9,j,n).
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Ewova 2.1. Zrrymotomo amwd v €000 ONrAokdv yopetdv. H emloyn tov oTtyidTom@v £ytve yiao va
Tovicovpe o, 6TAd10 TG €£600V Kot O)L Y10 VO TAPOVGIAGOVE TOV aKkpPr xpodvo g kdbe pdong. Ot
EMOVO OLOKEKOLIEVES YPOUUEG OELYVOLV TOV TPAYUATIKO XPOVO OVALEGO OTO GTIYMOTULTO G KAOE
Bivteo. O xpdvog yia kdOe oTIyOTLTTO OO TNV APy TG ANWNG AVOYPAPETOL TAV® 0o KADE GTIYLOTVTO
(min:sec). T teyvikovg Adyovg, avtd dev aviiotolyel otov ypdvo mov Eegkivioe 1 evepyoroinon. a-d.
npdTo Ontukd. a,b. To gpvbporvtrapo &xet doykmbei. €. Ta kvotida tng PVM Byaivouv and éva
povadikd nopo. d. H £€odog ohokAnpdvetat. Ta kvotidwo tng PVM kot tng RBCM Bpickovtan kovtd
otov Iluko yaué. e-h. Agbtepo Onivko. e,f. Ta kvuotidia tng PVM mepipdirovror and tyv RBCM. g.
H RBCM egnekteiveton kot o yapuétng apyilel va omelevfepmdvetar. h. H £é€odog oloxinpdveton kot to
KVoTidio pévouy kovtd otov yopuétn. i-l. Tpito Onivkd. i-j. Ta kvotidia g PVM nepifdAiovtat omd v
RBCM. k. O yapétng Byaiver and v RBCM pe xatevBuvon nov eoivetotl and 10 dompo dmhd Bélog.
I. H é£0d0¢ olokAnpdveror kot 1 RBCM petotpémetor og xvotidio. m-p. Tétapto 6nivkd. m. To
gpuBporvTTapo £xet droykwbei. N. Ta kvuotidia g PVM mepifddrovtatl and v RBCM. o. Ta kvotidia
mg PVM Byaivouv amd évav povadikd mopo. p. H é€odog ohokAnpdverarl. To pavpo PéEAN og kabe
STLYHOTLTO JELYVOLV TIG TEPLOYES TOV Hag evolapépouy. Kiipaxo Spm.
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sec
kN min:sec

00:00,00 00:006,30 00:10,77

male 1

6,76 9,53 sec
00:00,01 00:06,77 min:sec

male 2

sec

min:sec

male 3

sec
00:02,808 . 00:43,90 N min:sec
~
male 4

Ewéva 2.2. Ztrymotome amé v ££000 0PGEVIKAV YUPUETOKVTTAP®V KOL TNV EKPOAT] TOV YOUETAOV.
H emhoyh TV oty O TUTT®V £YIVE Y10 VO TOVIGOVLE ToL 0TAd1L TNG 5000V Kot 0L Y10l VO TOPOVGIAGOVILE
Tov akpPn xpovo tng kabe eaong. Ot endvm SloKEKOUUEVES YPUUUES SElYVOVV TOV TpayHaTiKd XpOvo
avapeca ota otypotuna og Kabe Pivteo. O xpdvog v kbe oTrypdTLTO AmMd TV APy TS AYNG
avoypheetol Tave and kabe otrypdtomo (Min:sec). T texvikovg AdYove, avtd 8V OVTIGTOLYEL GTOV
xpovo mov Eekivnoe 1 evepyonoinon. a-d. Ilpdto apoevikd. a,b. To gpubpokdrtopo dloykdveTal Kot To
Kkvotidia g PVM eivar opatd. €. 'Evag apoevikoc yopétg ekBalet amd évo povadikd nopo otnv RBCM.
d. H é€odoc ohoxAnpmvetat. Ta kvotidia tmv 600 pepfpdvmv Bpickoviatl KOVid 610 6O TOV opYIKoD
yopetokvttdpov. To dumAd dompo PEAog deiyvel Evav apoevikd yapém. e-g. Asvtepo apoevikod. e. Ta
kvotidio g PVM mepipdirovior and tmy RBCM. f. ‘Evac apoevikdg yauétng ekPfdier amd Evav
povadkd mopo oty RBCM. g. H é£odog ororinpmdvetat. @aivovtar ta kKuoTidia Kot £vag YOpETNG mov
Bpiokovtar kovid oto apywkd yopetokvttapo. h-i. Tpito apoevikd. h. Ta wvotido g PVM
nepdArovar and v RBCM. i. ‘Evag yapéng exBdiet and évav povadiké nopo oty RBCM. j. H
€€0d0g ohordnpdvetat. Gaivovtal To KUGTIOW Kot VoG YOUETNG OV PPICKOVIOL KOVTAL OTO OpyYIKO
yapetokvtrapo. k-n. Tétapto apoevikd. K. To gpuBpoxidtTapo el droykwbei. I. Exovv dnpovpynBei ta
kvotidw and v PVM. m,n. Ta kvotidn tov dvo pepPpovev Ppiokoviar kKovid 610 0pykod
yopetokbTTapo Kot 1 ££000¢ ohokAnpavertat. To padpa BEAN o€ KGOe GTIYIOTLTO BELYVOLV TIG TEPLOYES
oV oG votapépovv. KAipaka Spum.
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2V GUVEKEWD, TPOYWPNCAUE oty onuovpyie evog katd TPocEyyion
YPOVOOLALYPAUUOTOC LETAED TV OAPOPETIKAOV PAGEMY TOV KATEYPAPNCAV GTIC TOVIEG
€EOG00V TOV YOUETOKLTTAP®VY. ZVVOMKA, ElYOUE TNV OLVATOTNTA VO, YPOVOUETPGOVLE
opopéva amd to. yeyovota €£600v Yoo Oéka OnAvkd Kol gvvén OPGEVIKA. XTIC
TEPLOCOTEPEG TEPIMTMOGELS 1] EVAPEN KO TO TEPUGLLOL OO TNV L0 PAGT TNV GAAT dEV
etvan evdrdkprra. Avto opeidetar, g emi 10 TAEIGTOV, GTNV YOVIiK ANYNG Kot TNV KOKY|
eotioon AOym TEPIGTPOPNG TOV KVTTAPOV, Kabmg TpoKettal Yo {ovtavo delypa, oAl
KoL TG £VIOVNG KIVITIKOTNTOG TOL TOPOVGIALOVV O YOUETES TV OPCEVIKAOV. MOVo Gg
Vo yeyovota €600V NTav SLVOTO va dlakpivovpe TV Evopén TG TPAOTNG PACTG, TOV
apopd v o01dykmon Ttov gpvbpoxvttdpov. H @don avty dmpknoe 66 ko 375
devtepdienta avtictorya pExpt v pnén e PVM xou v dnuovpyio kuotdiov amod
aLTV. XT0 Sldypoppa TG €KOvog 2.3 mapovstalovtat yuo kabe yeyovog e£0dov, gite
OnAvkov gite apoevikod mapacitov, To XPoviKo dtdctnue omd v pnén me PVM ko
™V ONpovpyia TOV KLoTWimV PEXPL To dvotypa Tov povadtkov tdépov otnv RBCM,
KaBmg emiong Kot TO ¥POVIKO OLAGTNO AtO TO (VOLY O, TOV LOVOOTKOD TOPOL UEXPL TNV
onpovpyia v kvotdiov ard v RBCM. Agv vrdpyovv agloonuelowtes stapopec
ovykpivovtag v €000 TV OPCEVIKOV pe TNV ££000 TV ONAvk®v mopacitwv. To
YPOVIKO dtbotnpa LeTaEd g pnENS ™g PVM kot v dnpiovpyia tv KueTdiov puéypt
TO (IVOLYLLOL TOV HLOVOOTKOV TOPOL KLUOUVETOL OTO PEPIKA OEVTEPOAETTO LEYPL KO TEVTE
Aentd. O oynuatiopds Tov kvotwdiov arnd v RBCM o oktd nepimtmoelg yivetan
HéEGO o€ OEVTEPOLENTO LUETA TO (VOLYHOL TOL TOPOV, EVM GE VO TEPUITOCELS AVTO
ocvppaivetl tepimov dv0 Aemtd apydtepa. Katainyovpe 610 cuunépacpa 6t ta xpovika
SLGTAUATO LETAED TMOV SLOPOPETIKMOYV OVTAV PAGEMV TOL YopakTnpilovy v €000
TOV TOPAGITOV TOPOVGIAloVY [l HETOPANTOTNTA KoL OEV VTAPYOVV OTNUOVTIKESG

SpopES avapesa oty ££000 TOV ONAVKOV Kol 0PCEVIKMV.
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Ewoéva 2.3. Xpovodraypappa peta&d tov gacemv g ££6dov. O xpdvog yua v pnén mg PVM, to
dvorypa tov wdpov (pore opening, PO) oty RBCM «oi tnv dnuiovpyia kuotidiov ard v RBCM (Red
Blood Cell Vesiculation, RBCV) npoodiopiotnke and Pivieo, 6mov kabe @don Nrav Eekabapo oparti.
Y10 ypovodudypappa topovstdfovral to dwothpote petabd ™me piéng g PVM kot o dvotypo tov
TOPOL (KOKKIVOL Kot UmAé KOKAOL Yo ToL ONAvKE Kot 0poevIKa ovTioTotya), amd 10 Gvotypo Tov TOpov
Kot Ty dnpovpyio kuotdiov amd v RBCM (kdkkiva kot pmAE Tetpdyova yio to OnAvkd Kot opeeviKd
avtiotouyo).

To avoryuo. evoc uovaodikov mopov oy RBCM kou o oynuotiouoc twv kvotidiwv

emfPefoucwveror ue avocopbopiouo oe {wvrava deiyuoza

[Tpokeyévov va onudvovpe v RBCM ypnoiponombnke 1o povokAwvikd
avticopo TER-119, to omoio avayvopiler v yAvkopopivn A, mov Bpicketan oty
emeavelo.  tov  gpvBpokvttapov  (Kina, 2000). Xe oavtd to  mepdupota
ypnoomromdnkay Selypato HOALGUEVODL OUHOTOG TOVIIKIOV om0 TO GTEAEYOG
P.berghei mapacitov 820, ota omoio to OnAvkd yapetoxvtTopo ex@pdlovv TV
Kokkwn @Bopilovca mpwteivn (Red Fluorescent Protein, RFP), evéd ta apoevikd
yopetokdtrapa ekppdlovv v mpaoivn ebopilovoa mpwteivy (Green Fluorescent
Protein, GFP) (Ponzi, 2009). To aiua apoidOnke g Opentikd péco KATAAANAO Yio TV

EVEPYOTOINGN TNG YOUETOYEVEGNC, OTO OTOl0 TPOoTEDMKE Ko To avticoua TER-119.
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H naparxorohfnon tov kuttdpav Eywve og pikpookdmio opiopov. To onua g GFP
elvar 1660 acbevég mov dev aviyvevetor og avtd to mepapoata. EmmAéov, n
EVEPYOTOINGT TOV OPGEVIKDV YOUETMOV EYEL MG ATOTEAEGLOL TNV AVENUEVT] KIVITIKOTN T
TOV KLTTAPOL KOl oVTO €Umodifel TNV KOAN TOOTNTO OMEKOVIONG TOL (®VTOVOL
detypatoc. ‘Etol, eotidlovpe kaadtepa oto ONAvkd yopetokbtTopa Kot Toug OnAvkong
youéteg. Evtovtolg, to mopdoetypo €vOC  0poevVIKOL cuumeplAapPavetol  oTo

OTOTEAECLATO OVTOV TOV TEPAPdTOV (ekova 2.4E).

Apéomg petd v evepyomoinon, ta OnAvkd yapetokvttapa Bpiokoviot evidg
oV €pLOPOKVLTTAPOL, 6T OTTOi 1| LEUPPEVI TOPAUEVEL OKOUT OVETOLPT) KO TEPIKAELEL
TANP®G TO Topdotto (swdva 2.4A). 10 NOUEVO GTASIO OVOUEVETOL TO AVOLYLLO EVOC
povoadikov topov otnv RBCM, 6mtmg vmodeikvieTol amd Tig KaToypopés TMV TAVIMV.
Opnawcg, dev katapépape va GUAAGBOLLE TO dvotyLa TOv TOPOL, THAVOV AOY® TOL OTL T
RBCM mapapével oe avtiv TV @AcT Y10 TOAD GOVIOUO Y¥POVIKO SLUCTNUO KOl GTNV
ouvéyelo 0 TOpog devpvveral. Qotoco, purnopésape va dtakpivoope v RBCM mov
&xet avoi&el pepkmg omd éva onueio (ewova 2.4B). To yeyovdg avtd emiPefardvet 0Tt
€vag LoVadkOg TOPOS €xel avOiEEL KOl GTNV GLUVEXELX OEVPVVETOL OVTMOG MOTE VO
emtevyei n €€o0doc. Zvvnbwg, To dvorypa g RBCM cuvodeveton mtapdAinio amd tnv
dnpovpyio TV KuoTwdiov and v o v pepPpdvn (ewova 2.4C, mhvo ekova).
Opnwg, emiong, kataypdyope kot Evav OnAvkd yopét mov €xet MoM ameilevbepmbel
mpwg omd v RBCM, 1 omoia €xel avoilel pepikmg o€ €vo Lovadikod onueio, oAAd
dgv paivovtor Kvotidwa amd To epupokHTTOPO. LE ATV TNV TEPITTMOT, 1| ONovpyic
TV KVoTiov Eekvdel petd v €£000 TOL YOoUETn, OTMG TapoTnPHONKE Kol oTa
OnAvkd vodpepo 2 ko 3 oty gikova 2.1 (ewova 2.4C, kdto ewova). [apd T moALES
TPOCTAOEIES, OEV KATOUPEPALE VO OVOLYVOPICOVLE TNV YOPAKTIPLOTIKT 0VOOITAMON TNG
ueuPpévne and péoa mpog ta £Em, mov @aivetar otnv &odo tov P.falciparum
uepolmidiov (Abkarian, 2011) ko P.falciparum yoauetoxvttépwv (Suarez-Cortes,
2014), av xon otig ewdves 2.4B ko 2.4C vrdpyet o pikpn whyvven g HepPpavng
katd to dvorypo. Emiong, m kduym g pepppdvng mov mapatnpeitor og kdmoto

YEYOVOTQ ElvaL EVOEIKTIKY] Y10 TNV OVASITAMGT GTO YXEIAOG TOL TOPOVL.
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Metd v oAoKANp®OT NG YapeToyéveons, mdvta PAETOVLE TA KLGTIOW TOV
&yovv dnuovpyndet amd v pnén kot tov tepayiopd e RBCM va tapapévouv kovid
otov youém. ‘Eva mapdderypo tapovoidletor otny eikoéva 2.4D. To id10 cupPaivet ko
OTNV TMEPIMTMOOT TOV OPCEVIKOD, OOV TA KLGTIOW Kol £0M TAPOUUEVOLY KOVTE GTO
VTOAOITO GO0 TOV APGEVIKOV YOLETOKVLTTAPOV UETA TNV EKPOAN T®V YAUETOV (E1KOVOL
2.4E). Ot mopampnoelc avtég emPePfardvovy 6t ko oto dvo @OAa m RBCM
oynuoatifer kvotidio petd v pnén. Ta kvotidlo aVTd TOPAPEVOLV KOVTE GTOVG
ONAVKOVG YOUETEG, OAAG ETIONG POIVOVTOL VO GLVOEOVTOL KO LLE TO VITOAOLTO GMLLO TOV
OPCEVIKOD YOUETOKVLTTAPOL, TOPE TNV VIOV KIVITIKOTNTO TOV UPGEVIKOV YUUETDV

KOTA TV TPOGTAOELN OTOULAKPVVGT|G TOVG.

TER-119 merge
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Ewova 2.4. H Lovtovi) ameikévien Tov Topacttikoy 6tehéyovg 820 mov onpaivetor pe TER-119
omrokarvrrer TN pién s RBCM. Xta detypoata dev £ywve povypomoinomn. A-D. Ta Onivkd exppalovv
v RFP (kékkiva) ka1 1 RBCM onuaivetoan pe TER-119 (npdowo). Ot gwcdveg £xovv tomobetndei
GUUPOVA LE TO SPOPETIKA 6TAdW KoTd TV ££050. A. 'Eva Ondvko yopetokdtrapo mov mepdiieton
a6 v akoun avénaen RBCM. B. H RBCM avoiyet og éva povadikd onpeio. Ta BéAn deiyvouv pia
ghappid mdyvvon g RBCM koatd to dvorypa. C. Avo Ontokd kotd v £é£0do. Ta BEAn deiyvouv pia
ghappud mayvvon ™mc RBCM kotd to dvorypa. Iéve swdva: 1 RBCM avoiyer kot tovtoyxpdvmg
oynuotilovtatl Kvotidia, o 0moio anotekel To mO yapaxTPLoTIKd Tapdderypa pnéng g RBCM mov
ouvavtape. O aotepiorog deiyvel ta kvotidwa, To omoia Ppiockovtot ektdg eoticonc. Kdto swdva: n
RBCM avoiyel aAld o oynuatiopds tov kuotdiov (aotepiokog) Eekivast 0tav £xel omopakpuvoet
KAT®¢ 0 yopémg, OTmg yo tapdderypa o tpito Onivkd oty ewova 2.1. D. OhoxkAnpdverarn prén g
RBCM kot ta kvotidia tg RBCM mapapévovv kovtd otov youétn (dompo Béroc). E. E&odog apaevikoh
napacitov. Avo apoevikoi youéteg (dompa PEAN) exparovy omd to KOTTAPO Kot To Kuotide tng RBCM
mapapévouy dimha. Na onpewwbei 6Tt ta kbtTapa Kivouvtal 6to {ovtavo deiypa Katd Tnv Ay Kot yo
avtd pmopei n BEon Tovg va dopépetl HETaED TV EKOV®V ToL id10v KutTdpov. Kiipaxke Spm.

AvooopBopiouoc oe povinoromuéva, dciyuato. exifefoicddvel tny dDrmapln KvoTidiwy omo

v RBCM

2V OLVEXEWL  TPOYUATOTOMNONKAV — TEPAUATO  avocoPOopIGHod o€
povipomotnpéva detypata, 0mov ypnoiomotdnie Kot wdAl 1o avticopo TER-119 ya
™V onuavon g eEmtepkng empavelag g RBCM. Apywd yivetor n evepyomoinon
TOV YOUETOKVTTAP®V TOL OTeAEYovg 820 Kot OelyuoTo 7OV  OVTICTOLOLV GE
OLPOPETIKEG  YPOVIKEG OTIYHEC HETE TNV EVEPYOMOINON  HOVIHOTOOUVTOL OF
QopLoAdEDON. Na onpetmbel 0TL ota detypata dev TpooTiBeTan KATOL0 amoppLTAVTIKO
7oV va, KaO1oTA T KOTTOPO O1OTEPATA OO TO AVIIGMOUO. LKOTOG TV VO dOVLE €AV TOL
Kvotidw arnd v RBCM dnuovpyovvrat e T£T010 TPOTO, 00VTWE MOTE 1| AvadiTAmon
OV YIVETOL Y1O0L TOV CYNUOTIGUO TOLG QEPVEL TEMKE TNV €EMTEPIKY] EMLPAVELD TNG
HeUPpavng ecmTePKE TOL KLGTISIOL N TO AVTIGTPOPO. Agdopévou 6Tt To KhTTOpO dEV
elval SlomePATd 6TO OVTICON, GTNV TPDTN TEPIMTOON OEV OVOUEVETOL 1| EUPAVION
onuaTog and to aviicopo. Avtifeta, edv n eotepkn empdaveln g RBCM ota 11om
oynuaticpéve Kvotioto Ppioketal Kot tai e£mTePKd, TOTE TO OVIIGOUN UTOPEL Vo
npoodebel. EmmAéov, 0éhapue va anewovicovpe v RBCM katd to dvoryua tov

TOPOV.

EAdyiota xOtTapa Bpédnkav mov kataeépape vo GUAAGBOLLE TO AVOlyLa TOV
POV, KATL TO 0010 MTAV AVOUEVOUEVO OEGOUEVOL OTL GTO TEPAUATO OTEIKOVIONG

Loviavdv dstypdtov 1n edon oavtn oeiyvel vo etval eopetikd ovvtoun. ‘Eva
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mapadetypa mapovotdletar oty gikova 2.5, 6mov 1 RBCM og 7,5 Aentd petd v
gvepyomoinom €xel avoiEel Hepkadg oe €vol LoVadIKO onUElo evd 0gv £(ouv akoOUN
oynuatiotel ta kvotide. Ta kvotidio evtomiCovion MoOM ota 9 Aemtd petd tnv
evepyomoinon (ewdva 2.5B), addd kot apyodtepo émov €xer oAokAnpwbel 1 ££060¢
(ewovo 2.5C). Emiong, mopopévouv Kovtd oTovg yopéteg, emPefaidvoviac Ta
OTOTEAECUATO TMOV  TPONYOVUEVAOV TEPAUATOV  OVOCOEVTOTIGHOV o€  (oviavd
detypata. TéAog, To YeEYOVOG OTL TA KLGTIOW OVIYVEDOVTOL LE TO OVTICOO dlyVeL OTL T
eCotepkn emedven g RBCM mopapéver emtepikd tov Kuotdiov katd tov
oyNUatiopd Tovs. Q6T000, 0V UTOPOVLE VO OTOKAEIGOVLE TO EVOEYOUEVO VO £XOVLLE
TopaAAN AL Kot Kuotidlin Omov telkd to e€mtepikd g RBCM Bpicketan ecmtepikd
KOTE TOV GYNUOTIGHO TOVG. Opms, dev pmopécapie vo eEAEYEOLE VTV TNV TOavOTN T,

AOY® TG EAAEYNMG KATTOLO0V JElKTN Yo TNV €00TEPIKN empavela TG RBCM.

RFP TER-119 merge BF

A - T

7.5 min

ﬁ‘

9 min

|

C Y
11.5 min _ L 5
* S

Ewova 2.5. Moviporompéva deiypato Tov mopaottikod oteréyovg 820 mov onpaivovrar pe TER-
119 amoxarvmter v piién Tng RBCM. A-C. Onlukd mov ekppalovv RFP (kékkva) povipomomonkay
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€ OL0POPETIKEG YPOVIKEG OTIYHEG peTd tnv gvepyomoinomn kot 1 RBCM onpaiverar pe TER-119
(npdowo). A. e 7.5 hentd petd tnv evepyomoinon, 1 RBCM éyet avoifel o éva onueio (Brog). B. Ado
OnAokd £xovv oAoxkAnpdcel v yopetoyéveon 9 Aemtd petd v evepyomoinom. Ta kvortida tng RBCM
(Béhog) mapapévouv kovid otovg yapétes. C. Eva Onivid mov €xel ohokAnpadcel v yapetoyéveon 11.5
Aemtd petd v evepyomoinomn. Ta kvotidwa g RBCM (Béhog) mapapévouy kovtd otovg yopétes. O
actepiokog deiyvel Eva gpuBpokvttopo. Kiipaka Spm.

‘Evac véoc oesiktne yia tny PVM

Onwg kat pe tnv RBCM, éto1 Béhape va tapakorovbncovpe kot tny PVM katd
v dadikacio E6dov. T'a avtdv Tov Adyo avalntioape Evay véo deiktn yio v PVM.
To yovioio PBANKA 100390 eivar cvvtavikd pe 1o yovidio PF3D7 0406200, to
onoio kmdkomotel v Kahmg pehetnuévn mpoteivy Pfs16 oto P.falciparum, o
npwteivny 16-kDa mov Bpioketar otnv PVM kot exepdleton ota yapetokvtrapo (EKsI,
2011). Opwg, ot dvo mpwteiveg eppaviCovuv opotdtnta povo 19%. H npoteivn mov
Kodwkomotei To yovidto PBANKA 100390 tov P.berghei Oa amokoleitor amd edd ko
oto €&ng PVMG (Parasitophorous Vacuole Membrane of Gametocyte). Onwg kot m
npoteivy Pfsl6, étor xaw n PVMG mpofiéneton vo €yt 600 Slapeufpavikég
EMKPATEIEG, EK TMOV OTOIWV 1) L0l COUTITTEL PE TNV dAANAOVYI0 GNUATOSOTONG TOV
Bpioketat 610 apvotedikod dxpo. H PVMG givar ehappdg peyarvtepn g Pfsl6, 177

Kot 157 apvo&éa avtictorya.

Amo 10 gpyaoctnNpd HOG EXOVV KATOGKELOOTEL PETOAAAYUEVA TOPACITA GTO
omoia &xel apopedel to yovioro PBANKA_100390. Opwg, to petadhoypéve avtd
TOPACITOL  0EV  MOPOLCLALOVY  KATO0  1010{TEPO  POVOTLTO KOl  UTOPOVV VoL
OAOKANPMGCOLY TOV KOKAO {mNG TOVG HETAOOOUEVO HEGH TV Kovvoumi®y. [Tapdia
avtd, 1 PVMG 0o prnopovee va €xet évo mapdpoto potumo ékepacng pe v Pfsl6.
'Etot, pe avtiotpoen petaypar kot aAvctd®t ovtidpacn moivpepacng (RT-PCR)
&xet amoderyBel 0Tt To Yovidlo ekppaletan ota yoperokvTTapa. I'ia tov evtomopd g
TpOTEIVNG €1onyOn o€ aypiov TOMOL TWOPACITO Vo EMIGOUO TOL KOOWKOTOEL TNV
PVMG ocvuvdedepévn oto kapPolutehkd g dkpo pe v @Bopilovca mpwteivn

mCherry.

‘Exovtag ta mapdoita mov exepalovv v @Bopilovoa mpwteivn PVMG-

mcherry, mpoyowpnioape ce mepdpata aneikdéviong ™me PVM katd v dadikacio
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e€0dov oe Lovrava delypata. [Tapdiinia n RBCM onpaiveton pe to avticopa TER-
119. Zmyv ewcdva 2.6 Tapovctdletal £vo TapAGITo 6TO 0TTOI0 eV EYEL EEKIVIOEL KON
1N dwdikacia eE6dov. H PVMG-mcherry divet éva dudyvto ofjpo mov nepikieietat omd
mv RBCM, 1 onola mapoapével axodun avémaen. AvtiBeta ota mopdoita Omov €xet
Eexwvnoet 1 dladtkacio eE6dov, Aappavovtag vdyw v pnén g RBCM, n PVMG-

mcherry eppaviletl évo TpdTLTTO EVIOTIGUOD TOPOUOL0 PE AVTO TV KLoTOimV TG PVM

OV TTEPLYPAPETOL GTO TPOTYOVUEVO, TTEPAUATA.
PVMG TER-119

Ewova 2.6. Zovtovi] anelkoviol Tapacitov tov sk@paiovv PVMG-mCherry kot enpaivovrol pe
TER-119. [Tdvew: To gpuBporvtrapo givor dloykopévo og pia TAevpd (BELog) mov deiyvet 6t 1 £€0dog
éxel Eexwvnoel av kot 1 RBCM givan axoun avéraen. To dudyvto onua amd to mCherry deiyver to
napdotto. Katw: ‘Eva napdoito mov €xet olorinpdocetl v €£060. Ta kvotidia tg PVM (kokkivo) kot
ta kKvotidw g RBCM (mpdowvo) mopapévouv kovid oto mapdoito. No onueimbet 6Tt ta kuTtTopa
Kivovvtal 610 {ovtavo deiypa katd Ty Ay Kot yio, autd pmopet 1 0Eom toug va dlaeépet petald tmv
gwoOVoOV Tov 16100 KuTTdpov. KAlpaka Sum.
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2.3XYZHTHXZH

Ta mopdoita g €hovooiog Obétovv povadikohg UNYOVIGHOLS Yo Vo
dapvyovy and Ta epLOPOKVTTAPA-EEVIGTEG TOVG. XE VTNV TNV UEAETN TPOoTAOOVLE
VO KOTOYPOWOLUE HE AETMTOUEPELRL TNV Olodkacio €£600V TOV YOUETOKLTTAP®V
YPNOLUOTOIOVTOS  OOPOPETIKEG  HEBOOOVE OmEKOVIONS. XTO GUVOAO TOLG, TO
amoteléopato pag detyvouv Ot 1 dtadikacio €600V dev akolovBel £va oTEPEOTLTIKG
TPOTLTO KO TO YPOVIKO dLAcTNO TOV dtopkel Tokidel. Qotdc0, | ££000g pmopel va
XOPLoTEL 68 drakprLTd fripnata, Ta omoia eivar Tapopore Kol 6ta 600 OAC. Me Bdon
TO, AMOTEAECHATO OVTNG TNG MEAETNG TpoTEivovE €va HOVTEAD Yoo TNV €000 TV
P.berghei yopetokvttdpwv, 1o onoio mtapovcialetor oty eikova 2.7. To mpdTo onuddt
ot 1 Sdwkacio 5600V Exel Eekvnoet ivor 1 010yKwom tov gpudpokvttdpov. 'Eneita
1N PVM Sappnyvoerar ko oynuotilel kuotida, ta onoio evtomiloviol 6Tov eVOldpeso
Y®Po peTald mopacitov Kot epuhporxvTTdpov. AkoAovOel TO Gvorypa evog LOVAOTKOD
wopov otnv RBCM. X10 emdpevo Prjpa vapyovy d0o dlopopeTikol TOTOL. L& KAmOleg
TEPIMTAOGELG, T KVoTid TG PVM g€mwbBodvtar pésa and to mopo oty RBCM, ) omoia
oV ovvéyeln oynuatifel Kol avt KLoTIOW. XTIC TEPICCOTEPEG KOUTAYPAPEG TMV
apoevik®v 1N £€6000G TV KuoTwinv g PVM yivetanr énerta amd v €£0d0 evog
APGEVIKOD YOUETN OO TOV TOPO. Xe AAAEG TEPITTAOGELG TOV Ta KLGTIdW TS PVM dev
Bpiokovtot amd v mAevpd omovpyiog Tov dépov, 1 RBCM avolyet kou o yopétng
e&épyetar mpwtog. Ta kvotidia g PVM anedevBepdvovtan ev cuveyeia, evd 1 RBCM

oYNUOTICEL Ko GE OVTEG TIG TEPUTTOGELS KUOTIONOL.

54



Ewcova 2.7. Néo povtého €£060v. To yopetokvtTapo (ykpt) mepiBdiieton omd v PVM (kdkkivo) kot
mv RBCM (mpdowo). To mpdto onuddt tng €£660v givar 1 810yk®oN OTNV o TAELPE TOL
gpvBpokvtTdpov. Akorovbei n pR&n ™g PVM kat o oynuatiopds kuetidiov ard avthyv. ‘Encrta, évag
povadkog topog avoiyet otnv RBCM. To dvorypa tov mopov propet va etvor gite Tpog tnv katevbuvon
Tov kvotwiov g PVM, mov eivat o o obvnbeg otig kataypoapés pag (A), gite mpog v avtife
katevBuveon, apnvovtag mpmta 0 mapdotto vo anekevBepwdel (B). H avadimiwon e RBCM crtov
S0KTOAO TOV TTOPOVL VIOSNADVETAL OO TV TWAYLVCT TOV SOKTVAIOV 7OV OVIXVEVETOL GE OPIGUEVES
Kkatoypapéc. Télog, dnpovpyovviar kvotidw omd v pién ™me RBCM kot o Onivkdg yapétng 1 to
APYIKO GAOUO TOL APCEVIKOD YOLETOKVTTAPOL OEAELOEPDVOVTAL.

H d10ykmon gival n tpoTn évoeiln ot el Eekvijoer 1) dwadikacia yro Tnv
£€£000 Tov Yopétn amd to kvtTapo Eevioti]. To 1010 Bewpeitar ko oG 10 TpdTO Prpa
vy v é€odo tov pepolwwdiov (Abkarian, 2011, Gilson, 2009). Avtd pmopei vo
opeidetal gite oV €16POT| VEPOD GTO KVTTAPO £ITE 0 KATOLM OAANYT] TOV VOIGTATOL |
PV M. Eyet deiybet 6t mpwteivn SEP2, ) omoia Bpicketar otnv PVM, dev elvan mAéov
opat] HoOAG 30 OsvtepOremTO UETA TNV EVEPYOTOINGN TMOV YOUETOKLTTAP®V
(Deligianni, 2013). TTpokbmtel ooy 1o cuumépacua 6Tt PVM emdéyetar amdTopes
petaforés oV EACM OTH. LVVETMOG, ATOPPOLN OGS TETOLNG OVOOLOHOPPong Oa
umopovce va givor 6t pepPpavn etvar mhéov dromepotr 6€ 1OVTO KoL LIKPA LoOpLoL Ko

avtd 00Nyel TNV 010YK®OT TOL £pLOPOKVLTTAPOV, AOY® OCUOONG,.

To gxdpevo Prpa eivar  pnén ™mc PVM ko np dnpovpyic Tov kvotidiov

amd avtyv. Ta Kuotidla eviomilovtol GToV EVOIAUECO YMPO UETOED TOPAGITOL KOl TNG
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RBCM. To yeyovog 0Tt @aivovtor oyeddv 6€ OAEC TIC KOTOYPOQES UE TNV KApepa
VTOONAGVEL OTL avTtd givon €va oamapaitnto Prpo Katd v dwedikacio E600v. Xe
ouvepyacio Pe T0 TAVETIGTHO TG MeABovpvng £yve amelkoOVIoTN TOV KUTTAPW®V LE
niextpovikd pkpookomio déevong (Transmission Electron Microscopy, TEM) kot
Tprodidotarn avanapdotacn (Gatan 3View (Slice and View)), yio vo éxovpe pia o
AEMTOUEPY] EKOVA TOV KLTTAPOL GTNV EACN OVTN. XNV €KOva 2.8 A aivetar €va
APGEVIKO YOUETOKVTTOPO (avayvopiletor amd v ecOTEPIKN HEUPPAvN, N omoia dev
VILAPYEL 6TA ONAVKA Kot 0 pOAOG TNG Etval KON AYVOGTOC) TOV aKOUN TEPPAAAETOL
and v RBCM. Z1ov evilqueco yopo peta&d moapacitov kot RBCM vrdpyet éva
pepPpavikd kvotidlo (Lapo BEAOG) Kot Eva TEMAATVOUEVO KVOTIOW (Aompo BEAOG).
211¢ Topég g kovag 2.8B kot C, ota dVo amd Ta Tpia KoTido, VITAPYOVY ECMTEPIKES
pepppaveg mov eaivovtol cov KuoTidlo Kot TEPEYOVV Eva NUISLOQOVES VAIKO TTOV
TOAVOV Vo TPOKELTOL Y10l TO KLTTAPOTAAGHO TOL €pvBpokvttdpov. To vVAKO 7oV
Bpioketonr oto TPito KLOTIOW dev KOAOTTEL OAO TOV YOpO aAAG evtomiletal oe
dudorapta onueia. Xtic ewdveg 2.8C, D kot E eivon 1 tprodidotatn avamopdotoon
aVTOV TOL YAUETOKLTTAPOL. Ta KuoTida onpaivovtot pe pol PO, TO YOUETOKDTTOPO
pe mpdowo evdd m RBCM av kol vmdpyel dev amewkoviletalr oV TPLooLAcTOTN
avaropdotacn. To yopetokOtropo ep@ovilel o TOAVTAOKN HOpPOAOYio, e
npoeloyés kot avadimAmoels. EmmAéov gaivoviar 3 kvotidia To omoio cuvdéovtan pe
éva GALO TEMAOTUGUEVO KVGTIO0, TTOL £xEL TNV Hopen kopdérag (ewova 2.8B, C, D, E
dompa BEAN). To wiaitepo owTO KLGTIOWD, TEPA OMO TO OTL GUVOEETOL LE TO VITOAOTAL
Kvotidwn g PVM, givan mbovo vo cuvosetan Kot e TO YOUETOKVTTOPO. YToBEToupe
6tL ot Oo propovoe va amotedet pa tpoéktaon g PVM péca 6to kouttapo Eeviotn,
TapoOUoe. e TO dlkTvo pepPpovov mov £xet Ppebel ota poivouéva epvbpd and to
P.falciparum (Elmendorf, 1994, Hanssen, 2010, Hansenn, 2008). Avti 1 «kopdéiay
Bo umopovoe va e€nynoel 1o yiati To Kuotiow petd v €£0d0 amd Tov EEVIOTN

TOPAUEVOLY KOVTA GTO TOPAGITO dAAG KoL LETOED TOVG.
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Ewova 2.8. Avaivon g €660V pe NAEKTPOVIKO PIKPOooKOmo. A. Toun EvepyOnOmUEVOD 0PCEVIKOD
YOETOKVTTAPOL OV akdun mepiPdiretar and v RBCM. ‘Eyet yiver | prén g PVM kat éva peydho
KLOTIO0 gival 0paTO GTOV EVOIANUESO YDPO HeTasD Tapacitov kot RBCM (pavpo BErog), kabhg kat éva
TEMAATUGUEVO KVoTido (Gompo Péroc). B. Toun omd éva evepyomompévo YoUeTOKVTIOPO, OTOV
mapovctdlovtat ot XY Kot YZ oyng tov. To mapdoito mepiBdiietot akdpun and v RBCM. Ado kvotidia
™™g PVM egivan opotd (pavpo BEAN) pe ecmTePKEG LEUPBPAVES TOV QAIVOVTOL GOV KVOTISW KOt TEPLEYOVY
£va NUSQOVES VAKO TToL TBAVOV VoL TPOKELTOL Y1 TO KVTTOPOTAAGLA TOL £pvBpokvttdpov. To dompo
Bélog deiyvel éva memlatvopévo kvotido. C-E. Tpiodidotatn omeovion ToV YOUETOKVLTTAPOV OTNY
ewova 2.8.B. To mapdoiro givon mpdoivo kat to kKuotide pol (pavpa BEAN). To dompo Bérog deiyvel To
TEMAUTUGUEVO KVGTIOW GE POPQPT| KOPOELOG.

H £é£0d0¢ tv pepolmidiov yapaktnpiletor amd 10 dvorypa evog Hovadtkon
nopov oty RBCM, v otabepomoinet| tov kot v avoadimioon g nepppavng amo
péca Tpog ta £Em o010 Yethog Tov mOpov. TEAOG, N HeUPplvn KAUTTETOL GTPOYVOVTOG
ta pepolwidia paxpid, fondavrag Etol v dacmopd tovg (Abkarian, 2011). H é£odog
TOV YOUETOV SopEPEL, KaBDG o1 apoevikol YoUETES OfETOVY EVIOVT KIVITIKOTNTA.
Kolvumodv ypiyopa kot Otav cuvaviioovy 1ovg OnAvkovg youétec, ot omoiot
Tapopuévouy  axkivntot, Aapupdver yopa 1 odvinén. Xvvenmg Oev LIAPYEL AVAYKN
vrofonBovpevig daomopds Katd TV £5£000. Xxeddv e OAEG TIC TEPUITAOCELS TOV
TOPOTNPNCAUE GE AVTNY TNV UEAETT), EYOVILE TO GVOLYRa EVOS HOVAOLKOD TTOPOL 6TV
RBCM, oALd 610 Prjno mov akoAovdel sppavifovtol S1apopeTIkEg TEPITTOOELS. T1g
TEPIOCOTEPES POPEG TO AVOLY LA TOL TTOPOL VOl PKETA GUVTOO, TO KuoTidta s PVM
Byaivouv mpog ta £ Kot 0 oynuaticpds TV kuotwiov and v RBCM cuvpfaivet
tayOtata  anehevBepmvoviag €1ct Tov youétn. Opmg, o€ KOMOEG TMEPUTMOCELS,

mponyeitar 1 £€£060¢ Tov Youétn and 1o peptko avotypa s RBCM, n omoia Tapapévet
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v Alyo devtepoiento o avthv T ¢aon. Emeto, omber oe pikpd Kvotiduw,
anelevbepdvovtoc TapdAinia kot ta kvotida e PVM. H kapyn thg RBCM g Aya
amd to yeyovota €£O00V MOV KOTAYPAWOUE, VTOONAMVEL TNV OovodimA®mon TG
pepppavng oto yeilog Tov TOPOL, OTMOS CTNV TEPIMTMON TV UEPOLMBIMV KOl TOV
P.falciparum youetokvttdpov (Abkarian, 2011, Suarez-Cortes, 2014). Ouwg, dgv
KATOQEPALE VO aviyveDGovpe Eexkabapa pia avadimAmon 6To dvotypa Tov TOPoL, Tapd
T1g TOAAEG TpoomdBeteg anewoviong g RBCM pe to avticopa TER-119. X kdmoteg
EWKOVEG QaiveTal pio whyvvon g HeEUPpEvNg 610 dvorypo tov mOPov, aAAG dev
pmopovpe va avagepbovpe evbéwc oe avadimimon g pepPpdvng oto dvorypo. H
dvoKoAla aviyvevong g avadimtAmong puropel vo opeiletatl oto yeyovog 6t RBCM
TOPAPEVEL Y100 TTOAD LIKPO YPOVIKO SLAGTNO GE VTNV TV (ACT KOl TPOXWPAEL GTOV

oYNUOTIOUO KLGTIOIOV TOAD Ypriyopa.

Metd to dvorypa g RBCM yivetan o oynpoticpnog Tov KueTidimy, yeyovog
10 omoio BAEmovpe o€ KEOe mepioTaTIKO ££000V. LKOTOG NTAV VO TPOGIOPICOVLLE EGV
Ta kKvuotidwn oynuatilovran Exovtag v eEmteptkn empavela g RBCM o1o ecotepicd
TOUG N T0 avtioTpo@o. Metd Vv evepyomoinom ta OelyloTo LOVILOTOOVVTIOL GE
YPOVIKES OTIYUEG Omov €xel ohokAnpmOel n ddwkocio €600V Kol Gpa £yovv MON
oynpartiotel Ta Kvotidw. H amovoia amoppumavtikod dev eMTPETEL TV OEAELGT TOV
OVTICOUOTOS OTO €0MTEPIKO T®V KLoTWiwv. [ToAld Kvotida aviyvedovior pe to
avticopo kot avutd onpaivel 6Tt n emtepkn emedveln g RBCM mapopéver
eEotepkd. H mapatpnon aut dev EpyeTan o€ avTIOGTOAN LE TV OVOSITA®GT oo
péca mpog ta £Em, mov o umopovce va cupPaivel 6To ¥EIAOG TOL TOPOL KOTA TO
dvorypa tng pepPpavng. O Adyog elvar 6Tt 1 N amoctabepormompévn pepppdvn etvon
o€ pio TOAD «SVVOUIKY Katdotacny Kot evdgyetar va aiddéel oynuo (Tiffert, 2014) .
Avto pmopel va €xel og amotéleouo va SavakAeioel pe to €EMTEPIKO TUNMO VOl
napapével eEmtepika (outside-out). H Elhenym delktn yio TNV E0OTEPIKT ETPAVELD TNG
RBCM dev pog emtpémel vo. KATOANEOVE GTO YEVIKOTEPO GLUTEPACHO OTL OAQL TOL
kvotidle g RBCM éxyovve 1o efmtepikd tunuo e&mtepikd 1 ov vIapyYOLV

SLPOPETIKEG LOPPEG.
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Yta pepolwida tov P.falciparum, n dnovpyia xvotidiov andé tmy RBCM
ovpPaivel TOAD apydtepa and v olokAnpwon g €£6dov (Glushakova, 2005).
[MBavov avt 1 dtapopd pmopel va e&nyndel amd T dPopES oty opydvmon Tmv
LOAVGUEVOV £pLOPOKLTTAPOV 1) Kot GAAL LOPLOKA YEYOVOTA OV AapPdvouy yopa. H
otafepomoinon Tov TOPOL Kal 1 ONUIOVPYiK KVOTIOIWV OEMETAL OO TV KATAGTOON
TOL KLTTAPOOGKEAETOV OV aAAGLEL 610 poAvouévo gpvBpokvttapo (Lalle, 2011). Ot
neAéteg oL Eyovv Yivel yio Ty £€€0d0 TtV youetokvttdpwv oto P.falciparum £yovv
dei&er 6T RBCM Swoppnyvoeton o€ évo povadikd onpeio Kot 6To dvorype Tov Topov
vrapyel avadiniwon g pepPpavng (Suarez-Cortes, 2014). Qotdc0, TOpAUEVEL ETOL
Ko £va LEPOG TG Tpocdévetal oto youetokvtrapo (Eksi, 2011, Sologub, 2011, Suarez-
Cortes, 2014). Avtd dpwmg drapépet amd v onpovpyio kuotidiov ard v RBCM mov
TOPATNPOVUE GTNV TTapovoa LEAETN. Atydtepa eivar yvmotd yuo tnv pnén g PVM.
Meléteg mov €xovv yivel pe NAEKTPOVIKO LKPOGKOTIO S1EAEVONG OgliyvouV OTL apykd
n PVM ondel oe moAAG onpeio Ko T HEUPPAVIKA TUNHOTO TOV ONUOVPYOVVTOL
TOPOUEVOLY  KOAANUEVOL ©TO  yopetokOTTOpOo. Apyodtepo  mapovotdloviol g
nemAatuopéva kuotidw evtog g RBCM (Sologup, 2011), aiAd dev éxel avapepOei
oTé OTL ALTA TO. KVoTida anelevbepmvovion and v RBCM «xatd v é£odo tmv
P.falciparum yopetokvttdpwv. Aev amokAgiovpe vt To KVGTIOW, VO AVTIGTOLLOVV UUE
T0 kvotidwo g PVM oto P.berghei. Opwcg, oty mopodoa pelé ta kvotidia dev givar
TEMAOTVOUEVO OO QOIVETOL KO OTO TNV OTEIKOVIOT] TOV {OVTOVOV OEYUATOV OAAL
KO 07t0 TNV TPIGOLAGTATT OVOTOPAGTOCT) TOV THPALUE O TIG TOUEG LLE TO NAEKTPOVIKO
pikpookomo dédevons. EmimAéov, €d® o@aivetar 6tt to kvotidww g PVM

amelevfepdvovTal amd To EpLOPOKVTTAPO KATA TNV SLASIKAGIA TNG ££000V.

Ev xatax)eidl, n mapodoo PEAETN TOpEYXEL VEEG YVGELS Y10l TV ONLOVTIKN
dadikacio g e£600v TV yapetokvttapwv oto P.berghei. EmBefoidver 6t n £é€0dog
TOV YOPETOKVTTAP®V 0O TO KOTTAPO-EEVIOTN £XEL OPOLOTNTES, OALG KOt PaoCIKES
olQopég amd v ££000 TOV pepolmdimv, deiyvovrag 6Tl 1 KGO Srwndikacia
OLEMETAL OTO POVUSIKA YOPUKTPLOTIKA. AVTO EVICYVETOL KOl 0O TO YeYOVOG OTL
otV €£000 TV YOUETOKVLTTAP®V TAIPVOVYV HEPOG GLYKEKPIUEVES TPMTEIVEG TOL OEV

&xovv kamota Aettovpyia otnv £6000 TV pepolmidiav. [apapéverl avorytd to epdTUQ
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eav n £€odo¢ twv P.falciparum youetokvttdpov poidler pe v é€odo twv P.berghei
yopetokvuttdpwy. IhiBavov ot dupopéc mov avaeEépovTol vo. OQEIAOVIOL GTIC
SPOPETIKEG TEPAUOTIKEG TTpoceYYioels. To facikd mheovEkTNo TS HEAETNG HOG
givar 6T1 akohovBovpue TV ££000 6€ TPAYNOTIKO YpoVo Ko pe CovTavd dsiypora,
KATL TO 071010 HELMOVEL TO. TAUGPUATIKE EVPNNOTA TOV PTOPEL VO TPOKVWYOLV UTTO TNV
povipornoinon Tov dsrypdtov. Eivor EexaBapo oti avtég o1 mepimlokeg d1001K0GIES
pénel va peretnBovv amd évav cuvdvacud pebddwv. Idwaitepa onuovtikd yio tnv
KaAOTEPN aviAvor givar vo BpeBovv vEot delKTeG Y10 TO E0MTEPIKO KoL TO EMTEPIKO
tuqpo g PVM ko g RBCM. H yapetoyéveon etvan éva facucd onueio otov KOKAO
Cong Tov Tapacitov Kot ovTd oNUaivel 0Tt Ypeldlovion TEPIGGOTEPES LEAETES Y VO

KOTOVOT|COVE TNV Proloyio avTig TNG CEPAS YEYOVOTMV.
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KE®AAAIO 3

AVTIKOTAOTOOT TNGS OKTIVIG 2 NE TNV
aktivn 1
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3.1 EIZATQI'H

O axtiveg eivonr vymAd cuvinpnuéveg mpwteiveg kot mwoilovv oMUavTIKOHS
poOLoLG o€ Pactkég dladikacieg oto ukapLOTIKA KiTTapa. Omwg oe dAa To TapdoiTa
tov yévovg Plasmodium, étor kou oto P.berghei vmdpyovv dvo yovidia mov
K®OIKOTTOL00V 00 SLaPOPETIKES IGOHOPPES akTivng, 1 aktivy 1 (PBANKA_145930)
ko 1 axtivn 2 (PBANKA 103010) (Wesseling, 1988, Schuler and Matuschewski,
2006). H axtivn 1 exppdletar ko’ OAn tnVv dtdpkela ToV KOKAOL {®1g TOL Tapacitov
ko etvan {oTtikng onpaciog yuo o kotrapo (Dobrowolski and Sibley, 1996). Avtifeta,
0 VTOKLVNTNG TOV YOVIdiov aktivy 2 PploKeTol G KATAGTOAN GTA LN QUAETIKG GTAdN
g epvBpoxvttapikne edong (Wesseling, 1989). Zta @uAetikd otddia, 1 aktivn 2
eVTOTETOL QMOKAEICTIKA GTO. OPGEVIKO YOUETOKVTTOPO, KOl TOLG OPGEVIKOVS Kot
Onivkovg yauéteg (Deligianni, 2011). Ouwc, 1 Agwtovpyion TG Oev EYel OKOUN

Katavonfel TAnpwc.

210 TAPACITO, TNG EAOVOGIAG Kol 01 OVO GOHOPPES aKTivNg glvol omd TIC o
AmOKAIVOLVGEG UETOED TOV ELKOPLOTIK®OV OKTVAV. EmumAéov, cvykpivovrog Tic
apvoéikég adAniovyieg e aktiving 1 kot g axtivng 2, avtég mapovstdlovv éva
1060010 opoldtnTag oto 79% (ewodva 3.1) (Deligianni, 2011). To 1060616 awTod givon
UIKPO OE GYEON LE TO TOGOGTO OUOIOTNTOG TOV EXOVV GAAEG 1ICOUOPPES OKTIVIG GTO
010 €idoc opyaviopod. ‘Eva pokpoypovio epaTNUO TOV TOPAUEVEL AVATAVINTO Elval
€qv o1 600 1GOHOPPEG OKTIVIIG OTO TTOPAoITO £XOLV TOPOUOl0 POAO 1 1 dLOPOPA OE
eminedo opvolikng aAAnAovyiog aviavokid Kot dtapopd oTig Asttovpyieg peta&d tmv

d00 1GOLOPPDV.
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actinl  wGDEEVQAL VIDNGSGHVEAGVAGD DAPES VE PS IVGEP KNPGINVGMEEKDAFVGDEAQ
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e i el s o EREREE o ol R R o R s el B R
H a8 5 = a H

actinl  ypEyDESOR ST VHRECE .
actin? xEevpEseesivnrece  ldentilies = 292/374 (79%)

I SRR RTEESER RS ER R R

Ewkova 3.1. ZOyKpLon TOV 6V0 1I60HoPpP@OY UKTIVIIG TOV TOP0.6iTov. Ot 500 160HoPPES aKTIVIG, AKTIVY
1 kou aktivn 2, cuykpivovian og eminedo apvolikng aiiniovyioc. To mocootd opordTnTag givor 79%.

Onwg avaeéptnke kot mponyovuéveg 1 axtivn 1 eivan {otikng onuosciog yio to
napdoito. H amoloipn tov yovidiov g odnyel otov Bavato twv mapacitowv. 'Etot
eotidlovpe TNV pEAETN pag 6TV Tpomomoinen tov yovidiov axtivy 2. H aktivn 2 dev
EKQPALETOL 0T UM PLAETIKG GTASLOL TOL TOPAGITOL GTNV EPLOPOKVLTTUPIKY] PAOT Kot
OVTO EMTPEMEL TOV PETAGYNUATICUO TOV TAPOUGIT®V, O 010G YIVETAL 6TO GTAO10 OVTO.
[Iponyodueveg peléteg oeiyvouv O0tTL M oaxtivn 2 €xet évav kpioo poéio otnv
yapetoyéveon tov apoevikav (Deligianni, 2011). H kxataotpoen tov yovidiov axzivey 2
LTAOKAPEL TNV YOUETOYEVEGT. AV KOl 6€ 0T To. petodlhayuéva act2(-) mapdoita ta
atovnuota oynuoatilovrol Hetd v evepyomoinon, n eKPOAN TOV APCGEVIKADV YUUETMOV
and 1o yopetokvtrapo (exflagellation) avactédietar. Emimiéov, ot d0o pepufpdveg mov
neplpdArovv 10 mapdactto, omAadn n PVM kot 1 RBCM, mopapévouv avémages.
Yuvendg, o kOkAog (NG TOL TOPAGITOV OTOHOTAEL €0(, OQPOV OEv UmOpEel va
TPOYMPNGEL 1] YOVILOTOINGN T®V ONALKOV YOUET®V. AV Kol VTN 1] LEAETT] OTTOKOADTTEL
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TOV KPIGIO POAO OV £XEL M| OKTIVI 2 GTNV YOUETOYEVEGT TOV OPCEVIKAOV, TOPUUEVEL
aKOUN AYVOGTO AV VILAPYOLY Kot GAAEG GNUOVTIKES AEtTOVPYiEG OTOL ETOUEVO GTAOLN
0V KOKAOV {mn¢. Opmg, 1 S10K07m TOL YIVETOL GTNV YOUETOYEVECST) OEV EMITPEMEL TNV

TEPALTEP® HEAETN.

To epdtpa wov dnpovpynnke Bdon avtodv TV anotedecudtov ival 1o eENG:
Tt B0 ywvotav pe TOV QavOTLTO NG youetoyéveong ota act2(-) mapdoita €hv
avtikadiotovoape v aktivn 1 pe v aktivny 2; H amdvtnon oto epodtnpa avtd £xet
dvo mhava cevipia. Edv o patvoTumog ekBoANG TV OPGEVIKAOV YOUETMV 0O TO 0PYIKO
YOUETOKVTTOPO ETMAVEPYOVIOV GE PLGLOAOYIKA emimeda, avtd Oo onuave OtL o1 dvo
WGOUOPPEG aKTivG €rovv mapdpola Asttovpyia. AvtiBeta, €dv 1 YOUETOYEVEST OTO
OPGEVIKA TOPACLTO £Vl aKOUN UWTAOKAPIoUEVT, TOTE 1| AstTovpyio TG OKTivig 2 dev
umopel va. avtikataotodel amd v aktivny 1, mov onpaiver 6Tt o1 dVO aKTiveg Exovv

SPOPETIKOVS POAOVG GTO KVTTAPO.
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3.2 AIIOTEAEXEMATA

Kozrookson ustaoynuotiouévoy Topositwy yio, v oVIKOIAoTooH T0D YOVIOIoD OKTIVH

2 ug 1o yovioio oxtivy 1

Mo vo omovinGovlEe GTO GUYKEKPWEVO EPATNUO, TO OVOLXTO TAAIGLO
avayvoong (Open Reading Frame, ORF) tov yovidiov axtivy 2 aviikotaotddnke omo
TO OVOLYTO TAOIG10 OVAYV®OTG TOL Yovidiov axtivy 1, uécw opdoAoyov avacuvILAGHOD
(act2 rep). O yeveTikOg LETAGYNMUATIONOG £YIVE G TOPACLTO, OOV £YEL YIVEL ATAAOLPN
ToVv yovidiov axtivy 2 (act2-::mcherry) (Kooij, 2012). Xe avtd ta mapdotta, petac&d
tov 5" kot 3" mhevpikov meproyadv (Flanking Regions, FR) mov mAaicidvouy to yovidio
oxtivyy 2 Bpioketarl n KodKN Teployn yio v koxkwvn ebopilovoa mpmteiviy mCherry
Kol o kaoéta Ekppacng tng mpdotvng ebopilovcoc mpwrteivng GFP. Zta act2-
::mcherry mopdotto (Kooij, 2012), 6mwg kot ota act2(-) tapdactra (Deligianni, 2011),
Omov KOl 6TIG 0V0 TMEPIMTMCELS TO YOVIOLO0 akTivy 2 €)Xl KOTAGTPOQEL, 01 0pceEVIKOl
YouETeg advvatovv va e£EABovv amd 1O €pLOPOKLTTOPO KOl 1M YOUETOYEVEOT
umokdpetor. Qotéco emhé€ape va xpNOIULOTOMGoVUE To. act2-::mcherry mopdctta
avti yio ta act2(-) mapdoita, kabdG oTo TPMOTA 1 KOCETO OVOEKTIKOTNTOG £XEL
apaipedel, OTmg meprypdpetal oty ewova 3.2A (Pripa 2), eved Ta 0EVTEPO TOPAUEVOLV
avOeKTIKA 6TO PAppaKo emMAOYNS (Tupuebapivn). 'Etol, umopet va yivel n emioyn towv
VE®OV HETOCYNUATIOUEVOV TOpacitov (act2 rep) to omoio Kot aVTE EX0VV GYESACTEL

va etvar ovBekTikd oty mopuebapivn.

O petaoymuatiopds towv act2-::mcherry nopoocitov £ywve pe v KOTOOKELT
TAAG10V TTOV TEPIEYEL TO avolyTO TAAIG10 avayvwong Tov yovidiov axtivy 1 (actinl
ORF), to onoio mAatctdvetal amd 2700 (ebyn Paoewv ¢ 5™ mhevpikng mepoyng (5°
FR) kot 728 (evyn Pacewv g 3" mhevpikng mepoyns (3° FR) tov yovidiov axtivy 2.
Telkd, 610 YOVIOIOUO TOV LETOGYNUATIGUEVOV TOPAGITOV, KAOOOKA TG TAPOVGS
5’FR tov yowvidiov axtivy 2 Bpioketon to yovidlo axtivy 1, 1 5'FR tov yovidiov axtivy
2 kot akoAovOel n VTOLOITN AANAOVYi0 TOL TAAGUIGIOV. ZTNV GUVEXELD, £xoVvpe Eava
éva tunpa g S FR tov yovidiov axtivy 2 kou ) aAiniovyio cuveyileTon pe to TUqpHoTo

OV EUTEPIEYOVTOL OPYIKGA ot act2-::mcherry mopdoita, 0nmg mopovoldletoar oty
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ewova 3.2A. 'Etcl, TpoKOTTOUV TO PETUCYNUATICUEVA Topdoita, OTOL TO YOVidlo

axtivyy 2 avtikabiotatal amd to yovidio axtivy 1 (act2 rep).
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,//i/ Step 1
A L U acfin? 5'FR GFP cassette JMie: Sl
IFR

recydling of drug cassette Step 2
& S
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Ewova 3.2. Evoopatoon tov ORF tov yovidiov axtivy 1 kv axtivy 2 610V YOVIOLOKO TOTO TOV
yovidiov awxtivy 2. A. ZynpoTIKA OVOTOPACTACT TNG OTPOTNYIKNG 7oL akoiovdnbnke yo v
dnuovpyic TOV LETACYNHATICUEVOV Tapacitov act2rep kot act2com, to omoio ekepalovv v aktivn 1
Kot TV axtivn 2 avtiotoyo, Katm amd Tov EAeyyo Tov 5 kot 3’ TAELPIKOV TEPLOYDY TOL YOVISIOL akxtivy
2. Apywa (step 1) oddxAnpo o ORF tov aypiov tomov yovidiov axtivy 2 avtikabictatol, pécm dmhod
OHOAOYOV AVOGLVOLAGHOD, LE £vo TUNUE oV Kodikorolel tnv mCherry, wa kacéta skppoong thg GFP
KoL o, KAoETa EKQPOcNG TOV VEPLOKoy Yovidiov avOekTikOTnToC/ cvoucHnciog Kot TepEyeL Ta Yovidia
hDHFR (avbextikdtnta) wor yeast cytosine deaminase-uracil phosphoribosyl transferase (yFcu)
(svarcOnoia). Xe mpd™ Pdon yivetar 1 BTk ETAOYN TOV UETAGYNLOTICLEVOV TOPAGITMOV, TOL ivarl
avlekTikd oto @dpuako emloyng Aoym tng mapovoiog tov hDHFR. "Exmeita, yiveton emdoyn twv
nopacitov mov £xel xobel 1 kaoéta avbektikdmrag (act2—::mCherry), kobdg éva devtepo QappoKo
KOTAOTPEPEL TOL TOPACITO. oL €xovv evaistncic Ady® ¢ mapovsiog tov YFcu (step 2). Ta
act2—::mCherry napdoita ypnoipomromdnkay you petacynuatiopd pe ta miacuidio pAct2com kot
pAct2rep, ta onoia mepiEyovv kacéta aviektucomrog oty mupyedapivny (hDHFR) kot 1o ORF 1oV
yovidiov axtivy 2 Ko oktivy 1 avtioTtoyol, To 01010 TAUIGIOVOVTOL 00 THUNHATO TV 5° Kot 3° TAELPIKOY
nepoyov (FR) tov yovidiov axtivp 2. H evoopdtwon oto yovidiopo &ywve pe povo opoA0yo
avacuvovoopd oty 5’FR tov yovidiov axtivy 2. Avtd €xel g omotélecpo tnyv Onpovpyic TV
HeTaoyNUaTIopHEVEDY Topacitov act2rep kar act2zcom (step 3). Koxkwa BéAn: ekkwvntég yio tov
yovotumikd €leyyo. [lpdoiva BEAN: exkivntég oL yprnoyomotOnkay yo v avaivon pe RT-PCR.

B. I'ovotumikdg édeyyog pe PCR. Ta avapevouevo Leyédn tov Tunpatov mov moAAmAactalovtat pe my
PCR avaypdeovtat pe KOKKIvo KATm and Tous yaptes oty ewova 3.2A. Xpnoyomodnkoy eKKivnTég
v va eleyyBei n mordTnTa Tov amopoveuévow yevaukov DNA (gapdh), ekkivntég yia Ty evooudtonon
KoL TV 300 GKpmv Tov gkdotote TAacdiov oty cwoth 0o oto yovidimpa (left, right integration)
aAAG KoL EKKVNTEG OV Qavepdvovy v Vmapén act2-::mcherry mopacitov (act2—::mCherry
contamination). Qc¢ detyuato gréyyov ypnoonombnkay yevouikd DNA and aypiov tomov kol act2-
::mcherry napdotita.

C. Avaioon pe otomoua Southern. To yevopkd DNA ond ta act2—::mCherry, act2com xou act2rep
KkOmMKav pe ta neploptotikd Eviopa BamHI ko ECoRI. Qg tunpa vBpidomoinong ypnoyomomdnke éva
nmpoiév PCR mov avtstoyyel oto 5'FR tov yovidiov axtivip 2. Ot 801G KOTNG TOV TEPLOPIOTIKOV
evlopov kat to péyedog tov TUNHATOV Tov dnpovpyovvTol eaivovtal pe YKpl oty gikova 3.2A. Ot
aotepiokol delyvouv Tig Beticég Lmve.

[Mopdiinio, 0éhape vo eléyEovpe €bv PTOPOOUE VO, ETAVOQPEPOVUE TNV
yopetoyéveon ota act2-::mcherry topdacita, SNUOLPYOVTOG L0, AVAROYT) TAUCUIOIOKY
KOTOOKELN LE GKOTO TNV €NavaTonofETnor tov 1010v Tov yovidiov axtivy 2 Ticm cTov
yoviolokOd tov tomo. H otparnywn mov axolovOnbnke ywo v ompovpyio g
TAOGLUOIOKNG KATAGKEVG KOL TOV HETAOYNUATIGHO TV act2-::mcherry nopacitov
€lval TOVOLLOLOTVTN LE TNV GTPATNYIKY TOL aKOAOLONONKE 6NV TEpinTmO™ TV act?2
rep mapocitov. H dwpopd elvar 611 €00 ypnowonoteitor 10 avoytd miaiclo
avayvmong tov 1d1ov tov yovidiov axtivy 2 (ewdvo 3.2A). XKomOC pag MTOV Vo
ONUIOVPYNCOVE OVTA TO HETACYNUOTICUEVE Topdotta (act2 com) yio vo dobue v
UTOPOVLE VO EMOVOPEPOVLLE TNV COGTY EKPPOCT] TNG OKTIVIG 2 KOl KAT  ETEKTOCT VO
eréyEoupe v opBOTTa TG oTpaTYIKNS Hoc. ETot, ota mepdpato mov akoAovBoiv,

To. act2 com mapdoita amoTeAoVV TO deiypa eAEYYOL Yo Ta. act2 rep mapdoito.
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Metd tov yevetikd petacynuatioud tov act2-::mcherry mopoocitov pe to
ekaotote mAacuidoln yivetoar KAwvomoinom twv mapoacitov pe v pébodo g
dtdoykng apaiwong kot yovotumikog €ieyyos pe PCR.  H evoopdtoon tov
TAOG LSOV 6TO YoVIdimpa £Y1ve GMGTA Kot GTIC 00O TEPIMTMOGELS TV act2 com Kot act2
rep. Emmiéov, 6tav ypnoomombnkay ot ekkivntég yio v vmapén act2-::mcherry
mopacitov oev gpeaviletal mpoidv oty avtidpaoct), YEYOVOG TOV VTOINAMVEL VoV
kaBapo TAnBvopod and act2 com v act2 rep napacitwv. O yovotumikdg Eleyyog pe PCR
emaAnOevtnKe Kot pe v avoivon tov DNA pe otonopa katd Southern (swova 3.2B
ka1 C). And kabe mepintwon act2 rep 1 act2 com nopacitov emALyONKe Evag BeTikdg
KAOVOG Yoo mepartépe peAétn. [T Aemtouepng meprypoapn tov pebddwv mov

avoEEPOMKAY TOPATAV® YiveTal 6To Ke@AAaio YAIKA kot MéBodot kat oty eikdva 3.2.

H oxtivn 1 dev ovurkabioro. thy Asitovpyio. tnc oxtivic 2 otV YOUETOYEVEDT] TWV

APOEVIKQOV TOPATITWV

"Exovtag dnuovpynoel ta petacynuoticpéve act2 rep mopdactita, 6komog nTov
VO OTOVTI GOV E TO EPATNLA €6V 1 axTivn 1 pmopel va ovTikaTasTicEL TNV AtTovpyio
™G aKTivg 2 KOTO TNV YOUETOYEVEST TOV APCGEVIKAOV TOPOUGIT®V. XTO TAPAGITH TNG
EAOVOGI0G, 1] YOUETOYEVEST) TOV OPCEVIKAOV TOPAGITMV Elval £va, LOVadTIKO YEYOVOC, TOL
nepAapPavel Tov oyMUOTIGUO 8 YOUETOV KOl TNV EKBOAT TOVS OO TO OPYIKO OPCEVIKO
YOUETOKVTTOPO HE TNV HOpeN pootiyiov. H dwadikacio ovty avagépetor og
expaottyimon (exflagellation). Adyw g éviovig KIVITIKOTNTOC TOV OPCEVIKMOV
YOUETAOV KOTA TNV EKPOAT TOVG, TO PAVOUEVO aTO Pmopel ebkoAa va TapakolovOnOet
ne ontikd piKpookomo. ‘Etot, pog divetat 1 SuvatodtnTa Vo T0 YP1CLLOTOIMNGOVUE MG
HéB0S0  TOCOTIKOTOINGNG TV OPCEVIKOV TOPAGITOV 7OV OAOKANPOVOLV TNV

YOUETOYEVEDT.

Ta peracynuoticpéva mopdotto eAéyynkav Yo 10 ov  UTOpPOvV Vo
EMOVOPEPOLY TOV PUIVOTVTTO EKPBOANG TOV YOUETOV OO TO OPCEVIKO YOUETOKVTTOPO
(exflagellation), dedopévov 61t Tar act2-::mcherry mopdcita 0duvaToHV Vo T0 KAVOLV.

¥to. aypiov TOmOL KO act2z com mapdoita, o oplBPdS TOV TOPACITO®V TOL
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OAOKANPAOVOLYV TNV YOUETOYEVEST €ivol TOPOUOLOG KOl OV LIAPYEL OTOTICTIKA
onuavtikn dapopd (ewkova 3.3). To yeyovdc avtod deiyvel 6TL 1| emavatomrofETnon Tov
yovidiov axtivy 2 emava@épel opOdc TV €Kepacn TG oKTiviig 2 610 KOTTOPO Kot
EMKVPADOVEL TNV KOTOAANAOANTO TG CTPATIYIKNG TOV YEVETIKOD LETACYTLOTIGULOD TOV
akolovOnOnke. AvtiBeto ota act2 rep mopdocita ov Kol KOTOW KOTOPEPVOLY V.
OAOKANPMOGCOLY TNV YOUETOYEVEST], 0 aplBUOG TOLG Eivol TOVAAYLOTOV OEKO. POPES
HKPOTEPOG GLYKPLTIKA LE Ta oypiov TOTOL Kot T act2 com mapdoita (ewova 3.3). Ta
amoteAéopato avTd delyvouy 0Tt 1| axtivn 2 £xetl Eexwplotég Aettovpyieg Tig omoieg dev
pumopel va ekmAnpdoet 1 oktivip 1 katd v OlpKEL TNG YOUETOYEVESNS TV

OPOEVIKDV.
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Ewoéva 3.3. H axktivn 1 dev avrikaBiotd Ty Aettovpyia TG aKTIiVIG 2 0TV YOUETOYEVEST TMOV
OPGEVIKOV TOPUGiTOV. METpnon Tov apBpod TV OpPCGEVIKOV TOPUCITOV TOL 0OAOKANPOVOLY TV
yapetoyéveon (exflagellation). Ztmv ewdvo @oivetar o pécog 6pog TtV yeyovotov ovd medio
(exflagellation events/field). O éheyyog yivetar og mdve omd 20 nedia og k@be deiypa. To to TEAKO
amotélecpo o€ kabe otéheyog mapacitov, ypnowomomOnkav Proroywkd detypato omd aipo
SPOPETIKMY HOAGUEVOV TOVTIKOV. Blohoyikd detypato and aypiov tonov (WT) mapdoita (n=11),
act2com (n = 11), act2rep (n = 15). O apbpdg ota act2com dev Topovctdlel 6TUTIOTIKY d10poPa e T,
WT mapdotrta. Xto act2rep ehdylota mapdoite KAToQEPVOLY Vo OAOKANPMOGOVV TNV YOLETOYEVEST KOl
VIAPYEL LEYGAN GTOTIOTIKG OTUOVTIKY S10popd o€ oyéon pe To, act2com noapdotta. act2(-) cupBoAilet
to. act2-::mcherry mapdotto. n.s.(non-significant) cvpporier v amovcio oTATIOTIKG OMUAVTIKNG
dwapopdc, *** onuaiver P=0.0001 xou * onuaiver P=0.05 (Student’s t-test).

Qo1660, B0 pmopovoe Kaveic vo TeL OTL TAL TAPUTAVED ATOTEAEGLLOTO UTOPEL VOl
opeidovtar 6to yeyovog Ot 1 aktivn 1 dev mapdyetor ota id1a emineda pe v aktivn 2

otav PBpioketol otov yovidiakd 10mo axtivy 2. Ouwc, dev pumopolue vo eréyEovpe Ta

70



enminedo oe MPOTEIVIKO eminedo kabmg 1 axtivn 1 mwopdyetor Kot amd Tov dKO NG
YOVIOLOKO TOTO Kot €MAEOV Ol 000 Tpwteiveg Ppiokovial 61O 1010 VITOKVLTTAPIKO
Swpépiopa (Deligianni, 2011). ‘Etot, ehéyapie ta eninedo EKQPACC TOV UETOYPAPOV
LE AAVCIO®T aVTIOPOGT TOAVUEPAONG AVTIoTPOPNG HeTaypapns (reverse transcript-
PCR) ypnowomoidvtag ta (edyn eKKvnT®Vv Tov @oivovtol otnv gwkove 3.4A kot
npoetolpnalovtag CONA amd poivouévo aipo Toviikov ite pe act2 com site pe act2
rep mopdaocita (sewdvo 3.4B). Tehkd, ta enineda TV pHeTaypdemv ¢ aktiving 1 kot g
akTivig 2 elvar mopopola Kot 1 yovidlokn ékepoorn mov efaptdtol amd To CiS
puOuoTtiKd ototyeio 6Tov Yovidlakd tomo axtivy 2 givor telkd aveEaptntn and v

TOVTOTNTA TOV avoLyToL TAaiciov aviyvmong (Open Reading Frame, ORF).

?
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Ewova 3.4. To petoypoa@ikd ewineda Tov yovidiov axtivy 1 kon axtivy 2 amwd Tov YOVISLOKG TOTO
axtivyy 2 givor mapoépore. O éheyyoc Tov emmédov Tov petaypdeov £ywve pe RT-PCR oe cDNA ono
poAvopévo aipo pe act2 com 1 act2 rep mapdoita. A. Me npdoivo cupPoAilovtatl ot eKKVNTEG TOV
ypnoipomombnkav. O exkkivng A2UF mpoodévetar oty 5'FR tov yovidiov axtivy 2 ko givar kowvdg
Koty oL 500 HeTdypapa, evd ot ekkivntég AZR1 kot A1R2 givar eldwcoi yro to ORF tov yovidiov axtivy
2 xo1 axtivy 1 avtiotoyya. B. Ta dvo petdypapa €xovv mopopola enineda, OTMG TPOKVTTEL Omd TV
pétpnon tov evtdoswv Tov {Ovav Kot TNy Kovovikonoinon teov 6o derypdtov CONA pe skkivntég
£161K00G Y10 T0 peTdypapo Tov yovidiov Pbmap2 (PBANKA _093370). Emumiéov, €yive kavovikomoinon
TOV EKKVITOV YpNolpomotdvog yevoukd DNA and WT ko act2rep mopdotro.

H ovuratdotoon e axtivac 2 ue wmyv oxtivy 1 00nyel oTtov_oynuotiouo Ayotepwy

WOKIVETWV

To yeyovog 0Tl éot® Kol €ldyloto act2 rep mopdcito KATapEPVOLV Vo

OAOKANPADOGOVV TNV YOLUETOYEVEST OGS TPOCEPEPE TO TAEOVEKTN O VOL EAEYEOVLE Kot TOL
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eMOUEVO OVOTTLELOKA GTAOLO TOV TAPOUGITOV GTO KOLVOLTL AmTOVGia TNG aKTivig 2,
dedopévou Ot oo act2-::mcherry mapdoito Tov amovctdlel n aktivy 2 o kOkAog {ong
OTOUATAEL GTO GTAJ0 TNG YopeToyéveons. ETot yia va dodpe edv ta Tapdoito Lropovv
va oynuoticovy {YOTO Kot KOT  ETEKTOOT MOKIVETEG, KAvape IN VItro KoAAiépyeieg
WOKWVETMOV Kol LETPNONKE TO TOCOGTO LETATPOTNG ONAVK®OV YAUETDV GE MOKIVETES
(ewova 3.5). XpnowomomOnke avticopo yo thv tpoteivy Pbs21, n oroia Bpicketon
OTNV EMPAVELN TV MOKIVETMV, TOV ONAVKOV YoueT®V Kot TV {uyotdv. Na onueiwdet
ot dev yivetar kaBe @opd yoviwomoinon OAwvV TV ONAVKOV YOUETOV Kol Kot
eméxtaon dnuovpyia {uywtod, oAAd kot ovte OAha ta {uymtd petacynuotilovrol o
WOKIVETEG. XVUVIHOWE TO TOGOGTO HETATPOTNG TOV OPYIKOV ONALK®OV YOUET®OV OE

®oKvETeS Kupaivetar Yopw oto 50% og aypiov Tomov mapdotita.
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Ewéva 3.5. Apketd Myotepor mokivétes oynuatifovral amd v aviikatdotaon g aktivig 2 pe
v axtivn 1. H éxepaon g aktivig 1 and tov yovidlokd TOn0 axtivy 2 £YEL OOV OMOTELECIO VO
oynuotilovtar opketd Aydtepot mokwéteg. To mocootd petatpomng Tov Onivkov/uyotdv oe
woxkwéteg (0okinete conversion%) ota act2 rep mopdoita €ivol GTATIGTIKG GNUOVTIIKG 7O UIKPO GE
oyéon ue ta act2 com mopdoctto, ta omoia dev mapovstdlovy kapio dtapopd pe to WT mopdotito.
n.s.(non-significant) cupBoAilel v omovoio 6TATIGTIKA GNUAVTIKNG dtapopdc, *** onuaiver P=0.0001
(Student’s t-test).

To m0600T0 petatponng oto act2 com TapaciTta NTOV 6€ OAES TIG ETOVOANYELG
TOV TEPALATOV OLOL0 [LE TO TOGOGTO TV aypiov TOTOL TapuGitOV, YMPIS GTATIGTIKA
onuavtikny oweopd. To amotérecpo avtd emPefordvel yoo axdun po eopd tnv

opB6TTO TS GTPATNYIKNG TOL OKOAOVONONKE Yo TOV YEVETIKO LETAGYNUATIOUO TWV
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act2-::mcherry mopocitov oe act2 com kot act2 rep mopdotto. Avtibeta, otny
nepintoon Tov act2 rep mapocitov o pvOudc peToTpomNG ONALVKOV YOUETOV OE
WOKWVETEC NTAV TEPLEGOTEPO amd £EL POPEG UIKPOTEPOG G oyéomn pe tao. act2 com
napdotro. H dtapopd avt elvan otatiotikd onpovtiky. Opwg a&ilel va onuetmdel ot
o€ KOOe EMOVAANYT TOL TEPALOTOS KOTAPEPVALE VO OVIYVEVCOVE MOKIVETESG, £0TM
Kot av avutol Nrav Afyolr og apBud. Ta mapondve amoteléopota pog detyvouv 0Tl N
axtivn 1 pmopel uoévVo HEPIKADS VO OVTIKOTAGTHOEL TIC ONUOVTIKEG AELITOVPYIiES NG
aKTivng 2 KOTA TNV YOUETOYEVEST] TV OPCEVIK®V, OTOV TO Yovidlo aktivn 1 Bploketon
oTOV YOVIOL0KO TOTO aKtTivh 2 kot 1 ékepaoct Tov puiuileton and ta Cis puOuoTIKa
ototyeio Tov yovidiov axtivn 2. To yeyovdc 0TL otV mtepintmon tov act2 rep &yovue
TOV GYNUOTIOUO £0TO KOl Aly®V MOKIVETMV OG EMITPENEL VAL LEAETNIGOVUE TOV POLO

7OV €YE€L M OKTIVN 2 KoL 6TO EXOUEVA GTASIA TOV KOUKAOV (NG 6TO KOVVOVTIL.

H ovuxozaotoon e axtivic 2 ard thy aktivy 1 umloxdpel tny ueTddoan Tov Tepaciton

UETW TV KODVOVLTLWV

To yeyovog 6t1 ta act2 rep mopdocita oynuatilovv MOKIVETEG EMETPEYE TNV
HEAETN TOL POAOV TNG OKTIVNG 2 Kot 6TO VITOAOUTO TOPACITIKA GTAJIN GTO KOVVOLTL.
IMa va dovpe by 01 MOKIVETEG £X0VV TNV OLVATOTNTO VO LETUTPUTOVV GE MOKVGTEG,
A.gambiae kovvovmia taioTnKay He HOAVGUEVE TovTiKle and o act2 com 1 omd To
act2 rep napdotra. [paypatoromOnkav dvo aveaptnta nelpdpata. 12 uépeg petd to
TAIOUO. APOIPEITOL TO £VTEPO TMOV KOLVOLMIMV Kol YIVETOL €AEYYOG YO TNV VTOPEN
OPYLOV MOKVGTOV, Ol 0OlEG 6TO oypiov TOTOL TOPAGLTA ElvVOL OPATES LE TO OTTIKO
HKPOGKOT10. TNV TEPITTMOT TOL aCt2 COM aviyVELTNKOV MOKVGTES e aptOpd mov dev
eneavifel Kopio OTATIGTIKG CNUAVTIKY dlapopd He Tov opliud tov aypiov THTOL
®OKLGTMOV 0vd Kovvoimt (eikdva 3.6A). Qotdoo oty nepintmwon Tov actin2 rep dev

avyvedTnKe Kapio wokvot (eikdva 3.6B).

["a va arokAeicovpe v ThovoOTNTA OTL AVTO TO ATOTEAEGLO OPEIAETOL GTOV
wKpd aplBpd wokwvet®v mov oynuotilovtor oto act2 rep, ywe tdioua TV

KOUVOUTIL®OV UE MOKIVETEG HEC® PEUPpavOV (AETTOUEPEIEG OTO KEPAAOLO YAIKA Kot
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MéBodor). 'Etot, €ytve kahAiépyetla act2 rep wokivet®v amod To aipo SV0 TOVIIKIDVY Y10
Vo eVIGYOGOVUE TOV UIKPO oplud mokKvetdv mov divovv to act2 rep mapdotra.
Yuvolikd mpape 285 YIMASEC MOKIVETESG, VA 1 KAAMEPYELD amd Vo TOVTIKL Y10, TO
act2 com édwoe mavo amd S5 ekatoppdple wokvétes. o va amoxAeicovue to
TOPOTAV® EVOEXOUEVO, TO KOLVOLTLO TOIGTNKOV [LE TOV 1010 aplOUd MOKIVET®V amd
act2 rep ko act2 com mopdocita (285.000 woxwéteg). To amotéhespa eivat To 1010 pe
T0L TPON Yo eV TEWPApOTA. QoKOoTeS Ppédniay HoVo oty mepintmon Tv act2 com
TOPACIT®V, VO Kopio mokvotn dev Ppédnke oto Kovvoumio Tov TaioTnKay e act2
rep mokwvéteg (ewova 3.6B). Ta amoteréopata avtd deiyvouv 6Tt o1 act2 rep mokvETeg

dgv umopovv va cuveyicovv Tov KOkAo {®NG TOL TOPAGITOL GTO KOLVOUTL.
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Ewkéva 3.6. Agv aviyvedovtol @OKVOGTES 0O TV UVTIKATAGTAG TG OKTIVIG 2 pe TV aktivy 1. A.
Ortoav kovvodma A.gambiae taiotnkav pe polvopéva movtikia omd aypiov tomov (WT (gam)), koxkivo
ypduo) kot act2 com (act2com (gam), pumie okovpo yphua) Topdotto, ®@okHoTeg oynuatilovial Kot o
aplOpdc ®OKLETAOV avd Eviepo kovvoumov (0ocysts/midgut) sivar mapdpotog. O Ereyyog Y10 WOKHOTEG
éywve 12 pépeg petd 1o tdopa ko £ywvay tpia aveaptnto tepdpata. B. Otav kovvovmio A.gambiae
toiotnKay pe poAvopéva movtikia and act2 rep mapdotro (act2rep (gam), mpdovo 6KovPo XPMOL), dev
aviyvedtnke Kopio wokdot. O €leyyog Yo @okvotes £yve 12 pépec petd to Topa Kot £yvov 600
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ave&hpmro mepauate. Xe éva tpito oveaptnto meipape Kovvovmo toiotnkay anevdeiog pe ido
apopd woxwvetdv and koAlépyeia gite act2 com (act2com (00Kk), avoyrd punhé ypdua) site act2 rep
(act2rep(00ok), avoiytd TPAcIVO YPMLL) TAPAGITMYV, GAAE KOl 6 QUTHV TIV TEPINTOOT] SV OVIXVEDTNKAY
®oKVoTEG Yo To act2 rep. O éleyyog yio wokvotes £ywve 11 pépeg petd to tuopa. n.s (non-significant)
oupPoAilel TV amovsia GTATIOTIKG oNUAVTIKNG dtapopds, *** onuaiver P< 0.0001.

Me v avrxoataotaon e arxtivic 2 ue v oktivy 1 oynuotziloviar wokbdotec aldd dev

QVOTTDGOOVTOL

H oamotvyio tov va aviyvedcovpe mokOGTES GE AVTA T TEWPAUOTO UTOPEL val
opeileTan €ite oV AVIKOVOTNTO TOV MOKWVETOV VO OATEPACOVYV TO EMONALI0 TOL
EVIEPOL TOL KOLVOLTILOV €iT€ GE TAWOT TNG AVATTLENG TOV WOKVLGTOV. Efval yvwoto
OTL M KIVNTIKOTNTO TOV WOKWVETMOV €IVOL OmapaiTnTY] Yo Vo S10mEPACOVY TO EMONAL0
(Dessens, 1999, Vlachou, 2004, Siden-Kiamos, 2006). I'ie vo amoxigicovpe Tto
evoegyOLEVO Ol act2 rep wokvéTeg va govv TPOPANLO KIVITIKOTNTAG, KAVOUE EAEYYO
™G KWNTIKOTNTAS TOVG YPNOUOTOIMVTOS £vol (EANTIVMOEG TPMTEIVIKO pelypo
(matrigel™). "Etot ehéyéope Vv xovnTikdmTo TV act2 rep mokvetdv og GYEoN e
aypiov TOMOV ®OKIVETEG, OALL dev Ppébnke kdmola dapopd, kabmdg ov act2 rep
WOKIVETEG KIVOUVTOL PUOIOA0YIKA (ekOva 3.7). O péoog 6pog TaydtNnTos Tmv act2 rep
WOKIVET®V VTOAOYIGTNKE OTO 5.7 UIKPOUETPO OVA AETTO KO 1 HEGT TOYVTNTA TOV
aypiov TOHTOV WOKIVETAV €ivol 6 LIKPOUETPO OVAL AETTO. XVVETMG Ol MOKIVETES OLTOL
mbovadg &ovv v duvatdtnto vo. SamePAoovy To €MONAI0 TOL EVIEPOL TOV

KOVVOLTTLOV, OEGOUEVO IOV OTOKAELIEL TNV TTPpDTN LODEST).
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WT

act2 rep

Ewova 3.7. Ou act?2 rep @okiviteg dgv £ovv yaceL TNV KavoTnTa Kivieng. In vitro odykpion g
KvnTikottag tov act2 rep ookwetdv pe WT wokivétec. Amopovopévol @okwvéteg amd in Vitro
koA épyeta tomofetovvran oe Matrigel™ kon 1 kvnTKOTTO KOTAYPAPETAL PE KAPEPO GE OTMTIKO
UIKPOGKOTIO. ZTNV €1KOVA QAiVOVTOL GTIYHOTUTO, TV ®oKwveTdv ota 0, 6, 12, Aertd. O actepiokog
deiyvel to gumpocOio TpuMqpa ov mokwé. Kiipaka 20pm.

Mo va aviyyvedboovpe okOpo Kol HKPEG MOKVGTEG YPNOLomomOnKe To
avticopa ylo po TpoTeivn oty kdyovia tov mokvotdv Cap380 (Srinivasan, 2008)
kot emmAéov €ywve ypaoomn tov DNA. O éheyyog mpaypatonmomdnke tpeic, oxtd Kot
évteko PEPEG LETA TO TAIGHO TOV KOLVOLTIOV €ite pe act2 rep eite pe act2 com
nmapdorta. O act2 com mokHoTeg avamTOGGOVTIOL PLGIOAOYIKG 6€ uEyeboc Kot e
nmeptektikoOTTo. DNA. AKOun ot Tpelg pépeg HETE TO TAIOUO TOV KOLVOLTIMV,
BAémovpe mokHoTeg oTNV MEPimT®OT Tov act2 com, aAld Oyt otV TepinTwon Tov act2
rep. Avto icmg va opeihetar 6Tov mOAD HIKPO aplBpd MOKLGTMOV TOL AVATTOGGOVTOL
YEVIKA 6T0 act2 rep ommg eaivetor otnv cuvéyela (ewcova 3.8 Aa). Oytd uépeg uetd to
Tdopa, povo entd act2 rep mokvoteg aviyvedoviol og évieka kovvovmia. Oleg frav
pkpdtepeg oe éEyehog amd TG avTioToL EC MOKVGTEG TOV act2 COM oTIg 0XT® HEPEG Ko
dev mepieiyav DNA og avtifeon pe tic act2 com woxbvoteg (ewdva 3.8Ab,C). Axoun
Ko EvTEKa NUEPES LETA TO TAIGILO TMV KOVVOLTILDV, AYOTEPEG MWOKVGTEG AV VEDOVTOL
v To act2 rep (mévte wokVoTEG G £ikoat kovvovmia). Ot act? rep mokHoTeS aivovtol
axoun mo pikpég og péyebog amod Tig act2 com wokvoteg Ko dev mepiEyovv DNA og
avtifeon pe tig act2 com wokvoteg (ewkdva 3.8A d,e). ol vo ToGOTIKOTOGOVUE TNV

dpopd 6to PEYENOC TV MOKVGTAOV, HETPNOUUE KAl CUYKPIVOUE TNV EMPAVELNL TOVG
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(ewdva 3.8B). Ta anotedéopota @aivovtal otnv ekdva 3.7B. Or act2 com woxvoteg
avéavovtal og péyebog pe 1o TEpacua Twv nuep®v. Avtifeta ot act2 rep wokvoTEC
TOPOUEVOLVY LIKPES e HéyeBog Tapopotlo pe 1o péyehog Tmv act2 Com mokveTdV TPELG
uépeg petd 1o tucpa. Emmiéov, n mpopavn élderyn DNA otig act2 rep moxvoteg
emPefordbnke kor pe aAvowot) avtidpoaon moivpepdong (PCR). Amopovabnke
vevopukd DNA amd ta éviepa T@V HOAVGUEVAOV KOLVOLTILOV OTIS TPEIS, OYTO KOt
EVTEKO PEPEC WETA TO TAOUO. KOL YPNOIHOTOMONKOY EKKIVNTEG OMOKAEICTIKG Yo

napacttikd DNA (P.berghei gapdh) (ewova 3.8C).

actZ com acte rep
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Ewova 3.8. Ta act? rep mapdacita oynpatilovv pn guetoroyikés mokvotes. A. Ol ®okOoTEG 0o act?2
com (a,b,d) kot o1 wokvoTEG AMd act2 rep mapdotro (C,e) CNUAIVOVTOL LE TO AVTICMOUO Y10, TV KAWYOLAO,
Tov wokvotmv Cap380 (rpdowvo) kat yiverar ypwon tov DNA pe Hoechst (umke). Ttig 3 pépeg petd to
TAIGHO KOVVOLTILDY, CVIYVEDOVTOL MOKDGTEG HOVO Yo, To act2 com (a). Te 8 uépeg (€) xan 11 pépeg (€)
aviyvevovtal act2 rep wokvotes, aALd aVTEG TapapEVOLY HKpEG Kot dev etvan opatd 1o DNA, oe
avtifeon pe Tig act2 com woxvoteg (b,d), ov omoieg peyardvovv oe péyebog kot o DNA
molamhooialetat. Kiipoako 10um. B. To eufado tov wokvotdv (area in pm?) vrohoyiletot 61ig 3, 6T1g
8 ko tig 11 pépeg yuo ta act2 com (koxkivo) kou ta act2 rep (ykpr) mapdaoiro. Oract2 rep moxvoteg dev
ueyadmdvouv og puéyeboc mépa and Tig 3 puépeg. ** onuaiver P<0.005, ***onuaiver P<0.001 (Student’s t-
test). C. To DNA twv act2 rep ydvetat. Fovotoumikdg Eleyyog TV KOLVOLTIOVY oL TafoTnKay pe act2
com kot act2 rep mapdotta. 'evopud DNA aropovdbnke amd to Eviepa TV HOAVGUEVEY KOVVOLTILOY
Kot 0 yovotumikog €deyxog €ywve pe PCR ypnopomoidviog ekkivntég €101Ko0G Yo, T0 TopAoLto
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(P.berghei gapdh) xor €dwkodg yioo t0 Kovvovm, ¢ deiypo eléyyov (A.gambie S7). To DNA
amopovabnke amd kovvodma 3, 8 kot 11 pépeg petd to tduouo.

Téhog, Yo va edeyyBel 1 SuvaTdTTa LETASOONG, LOAVGUEVE KOVVOVTILOL EITE e
act2 com eite pe act2 rep mopdoito toiotTnkav pe vywm movtikie. Omnwg Mrtoav
avopEVOUEVO, HOVO OTNV TEPITT®OTN TOv act2 com To KOuvoUTlo EUPAVICOV
mopoacttopio S pépeg petd. Avtifeta oty mepimtwon Tov act2 rep, dev epeavionkay

TOTE TOPACLTAL.

210 oOHVOAD TOVG, TO OMOTEAECUATO OVTA Lo Osiyvouy OTL O Asttovpyieg TG
aktivinig 1 xor v axtivig 2 ota Topacttikd otddl HEcH GTO KOuVoLmL &ival
drpopeTikés. EmmAéov amodeucvietatl 0t 1 aktivn 2 £xet 600 EexmploTtés, aveEAPTNTES
kot LoTikng onpaciog ywo to mapdotto Asttovpyies. H mpdn agopd tov poho g oty
YOUETOYEVEST] TOV OPCEVIKMOV Kol 1) 0e0TEPN £)XEL VO KAVEL PE Evav 0e0TEPO POLO GTNV

avATTLEN TOV MOKVLOTAOV.
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3.3XYZHTHXH

To Mo oNUAVTIKO OTOTEAEGUO OV TPOEKVYE OO TO TEPAUOTO OVTNAG TNG
HEAETNC €lvol M TOVTOTOINGT TOV OLVTEPOVL POLOV OV £YEL 1| OKTIV) 2 oTNV
avamTLEN TOV MOKVGTOV. [Iponyodueves peréteg and to epyactnpld pog Exovv deitet
OTL M KOTOGTPOEN TOL Yovidiov TG aktivng 2 ota P.berghei mopdoita odnyel otny
OlOKOTN TNG YOUETOYEVEGNC OTO OPGEVIKO YOUETOKLTTAPO €VM To OnAvkd Ogv
avtipetonilovv kamoo mpdPinua (Deligianni, 2011). To amotélecpo ovTO HOGC
OTTOKOAVTTEL TOV OTUAVTIKO pOAO TTOV €XEL 1| AKTIVI] 2 GTO GTAOLO TNG YOLETOYEVEGNG.
AVTOG OUMG 0 POVOTLTOG AMOTEAEGE TPOYOTEDT Y10 TNV OVAALGT TNG OKTIVIG 2 Kot
OTO ETOUEVA AVATTUEIK A GTASL, KAOMDG 0 KOKAOG (NG OCTAUATAEL E0®. XTNV TAPOVLSA
HEAETN aKOAOVONGOE oL oTpaTYIK] TOL PonOnce oTnV TEPETAIP® OVAALGT TNG
Aertovpyiog g aktivng 2, Eemepvdvtag To EUnOO10 TOL ONOVPYNONKE PE TV TOOoN
NG YOUETOYEVESTG, QTOLGIO TNG OKTIVIG 2 amd Ta TopPAcLTe. AVTIKOOIGTAOVTAS TO
avolytd mhaiclo avayveoong Tov yovidiov axtivg 2 pPE TO avoyTé mANicLo
avayveoons Tov yovidiov akxtivy 1 amodelKvOETAL OTL 0L 3VO0 LGONOPPES UKTIVIG
Exovv CeymproTté Aertovpyies péca 610 KUTTOPO. XTO TEPALATO VT, TO YOVIO0
axtivy 1 Bpioketar otov yovidiokd toémo axtivy 2, dniadn Pploketot kdtm and tov
EAeYY0 TV PLOUICTIKOV GTOXElOV EKEPOOTG TOL Yovidiov axtivy 2. O €Aeyyog TNG
£KQPUOoNG 0€ EMIMEDO PETAYPAP®V OETYVEL OTL 1] YOVIOLUKT] EKQPOoT OV EEQPTATOL
omd Ta CiS puOMGTIKG o6TOVEID GTOV YOVIOWOKO TOTO akxtivy 2 givol TEMKA

aveCaptnTn andé v Tavtotnte Tov ORF

H avtikatdotaon tov yovidiov axzivy 2 pe to yovidwo axtivip 1 éywve og
napdotto Omov apykd To yovidlo axtivy 2 €xel apopedel. Agdopévou O0TL 1 amovcio
TOV Yovidiov axtivyp 2 €xel ®¢ e€maKOAoVOO TNV TOVOT TNG YOUETOYEVEGNG TMV
OPCGEVIKOV TAPOUGITOV, T TOPAcITa OTTOL TO YOVidlo axtivy 1 BpickeTol 6Tov YoVIOoKo
TOM0 oxtivy 2 eA&yyONKAV Yo TO oV UTOPOHV VO OAOKANPDOGOVY TNV YOUETOYEVEST).
Tehkd, £vag mold pikpdg apldpdg Tapacitov KatapEpvel va cuveyicel TNV eKPoAN TV
OPGEVIKOV YOUETOV OO TO pyIKO YOUETOKVTTAPO. Ta amoteAéopato ovtd deiyvouv
oTL M aktivy 2 £xel EeYmPLoTEG AELTOVPYIES, TIC OTTOIES OEV PTOPEL VU EKTAPOOCEL 1|

aktivn 1 KaTd TNV SLEPKELY TS YOUETOYEVESS TV UPGEVIKAYV. 26TOC0, 1] VITOPEN
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£€0TM KOl EAAYIOTOV OPCEVIKOV TOV OAOKANPDOVOLV TNV YOUETOYEVEST), LOG £0MCE TO
TAEOVEKTNUO, VO LEAETNICOVUE KOL TO ETOUEVO OVOTTLELOKA OTASIL GTO KOLVOUTL,
amovcio ¢ aktivng 2. Eidape, Aowmdv, 0Tl o1 0pcevikol autol YOUETEG EXOvV TNV
duvaTdHTNTO VO YOVILOTOGoVY Toug OnAvkotg yauétes. To Quymtd dnpovpyeiton pe
™V oOvInén Tov 000 YoUETOV Kot peTacynuatiletal 6 wokvETn. Amodeiape OTL ot
®WOKIVETEG awTol dgv Tapovstdlovv TPOPANUO 6TV KIvNTIKOTNTA TOLG, (o POctkn
WBOTNTO Yo Vo LtopohV VoL SOmEPAGOVY TO EMONALO TOL EVIEPOL TOV KOVVOLTLOV.
Tehwkd Swoumepvodv 10 emBRAo TOL €viépov Kot gykabiotavtor ekel, OmOL
OVOTTOGGOVTOL GE MOKVGTEG. AV Kol £XOVUE TNV ONUIOVPYID WOKVOTMOV, QVTEG OEV
avantvocovtol tepontépm. O apBudg tovg gival TOAD HKPAS, TOPUUEVOVY LUKPEG OE
néyebog ko dev aviyyvedetar DNA. Télog, Ta mopdoita avutd dev peTadidovior HEcw
TOV KOVVOLTILOV 6€ VYU] ovtikia. [Ipokvmtel Aowmdv to cupmépacia 0Tl 1 aKTivy 2
ExeL Evay OgVTEPO KPIoLHo pOLO 6TV aVATTVEYN TOV MOKVOTOV, TEPA UTTO TOV POAO

OV €YEL OTNV YOUETOYEVEGT] TOV UPCEVIKAV TAPUCITOV.

[Ma va edpotdcov e TO TOPATAVEO GUUTEPACLO TPOYLOTOTOMON KOV YEVETIKES
dloTavp®oelg g o aveEaptnn tpoctyyion. Na onuelndei ot ta cuykekpipuéva
TEWPAULOTA £YVOV OTO €Pyaoctnplo pog amd v Ap. R.Morgan. Apywd &ywvav
Ao TAVPMOOEG HETAED aypiov TOTOV YOUETOKLTTOP®Y Kot act2(-) yopetokvttdpmy,
OOV TO YOViIdwo axtivy 2 €xel KataoTpagel Kot povov o OnAvkd sivor yoviuo. Amo
OVTEG TIG OLOCTOVPMOELS TPOKVTTEL £VOG UEIKTOC TANOBLGUOC amd aypiov TOTOL Kot
etepoluyovg (actin2-/+) moKIvETEG, TOV AVOTTHGCOVTOL GE WOKVOTES, AAAY Eival LLOVO
aypiov tomov. Ot etepOluyeg MOKVOTEG TOV PEPOLY TO UETOAAAYUEVO GAANAOLOPPO
YavovTon TeEAElMG Katd v avamtuén. Avtd to amotedécpato emPeformdnkay amod
aveEApTNTES SLOCTAVPAOGEIS TOL Eyvo HETaED act2(-) YopeToKVTTAP®OVY Kal VOC KOG
LEAETNUEVOL GTEAEXOVG TTOPAGITMV TOV TOPAYEL LOVO YOVIHO apGEVIKG, To APAT7 (van
Dijk, 2010). Mo té€t0100 Sl00TOOPOOT] €XEL MG OMOTELEGHO. TNV ONUIOVPYiDL EVOG
mAnfvopon etepdluymv wokivetdv (actin2-/+) mov eépovv dLot Tov id10 yovotumo.
Evowagpépov mapovsialel to yeyovog Ot o€ avtoHg TOVG MOKIVETEG OEV OVIYVEVETOL M
npwteivn axtivn 2, 10 omoio Ogiyvel OTL N €K@paon TG TPOTEIVNG glvanl amd 1o
aAANAOLOPPO OV TPopyeTol omd To ONAvkd. Otav avtol o1 wokivETeG TAloTNKAV O

Kovvoumia, oynuatilovral wokvoteg apykd. To anmotélecua ovtod emPePardvel OTL M
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axtivn 2 dgv €Yl KATO0 OMUAVTIKO POAO GTNV KIVITIKOTNTO TOV MOKIVETMOV Kol TNV
KavOTNTA TOVG VO STEPAGOLY TO EMONAL0 TOV eVTEPOL. Q6THGO, OV KOl AVTEG Ol
®OoKVoTEG oymuatilovtal, mapapévouy pkpés oe puéyebog kar dev mepiéyovv DNA. Ta
amoteléopato avtd pog Oupifovv to amotedécpoto amd TV peAéTn Tev act2 rep
Topocitov O0mov 1o yovidlo axtivyp 2 ovtikabiotatolr amd To yoviowo axtivy 1.
Aopupavovtog oYtV To OTOTEAEGHOTA TTOV TPOKVATOVY Otd TOLG OVO SLOUPOPETIKOVG
TPOTOVG TPOGEYYIONG, KOTUANYOVUE GTO GLUTEPAGHO OTL 1 QTOLGIO TNG aKTiving 2
odnyel otV TOOGT TG AVATTVENG TOV MOKLOTAV GE TPOIUN OKOUN GAoT|, KATL TOV

tomg TeMKA va opeiletal otnv advvapio ToAlarlactacpov tov DNA.

Ta mopandveo mepdpote pog amoKaAOTTOUY 000 TTTLYES TNG Agttovpyiog TG
axtivng 2. BAémovpe 6t 1 Aettovpyia g oKTivig 2 6TV YOUETOYEVEST) TOV OPGEVIKMDV
mopacitov, propel ev pépetl pdvo va avtikataotadel amd tnv Aettovpyio g aktivng 1,
otav avTt eKPpAleTon KAT® amd TOV ELEYYO TV PLOUICTIKOV GTOLYEIMV GTOV YOVISLOKO
1Om0 axtivy 2. 1o, aypiov tHmov mopdsita, 1 aktivn 1 kot n axtivn 2 evtornilovtol 6To
KLTTOPOTAAGUHO TV apoeviKaV yapetokuttapov (Deligianni, 2011). Opwg, oto act2(-
) mapdotta Omov £xEl KATAGTPOQEL TO Yovidlo aktivn 2, 1 evéoyevig axtivn 1 mov
nopdyetal omd tov dkd NG yovidlakd tomo, eivor mop’ OAa avtd ovikovn va
EMOVAPEPEL TNV YOUETOYEVEST]. AVTO [oG el VEL, TPAOTOV, OTL M axTivn 2 €xel pia TOAD
OLYKEKPILEVT AEITOVPYIN, GTOV GUYKEKPLUEVO XPOVO KOl GTO VITOKVTTUPIKO SIOUEPIGILOL
N oe o moAl kafopiopévn cLyKEVTIP®O™N Kot OTL 1] GOOTH PUOIIGT TG YOVIOIOKTG
EKQPOOTG EIVOL CNUAVTIKY Y10l TNV TPOTEIV OOTE VT VO EKTEAEGEL TNV 1010UTEPN
Aertovpyion ™G, Mo mopodpolo amaitnon Yo TV 6OCTH POOIGT TG UETAYPOUONS
YOVIOIOV TOV TAPOGITOV, 0VTMG MOTE VO EMITVYYAVETOL N CMOOTN JOKivon TOV
TPOTEIVIKOV TPOTOVI®MV TOVG £XEL KOTAYPOAPEL V1ot TOAAG KOl GNULOVTIKG YoVidlo TV
napocitov. Tétow yovidwo elvar ylo mopddetypo to yovidl Tov K®OKOTOoUV TIG
napakdto mpwteiveg: apical membrane antigen-1 (AMA-1) (Kocken, 1998), ring-
infected erythrocyte surface antigen (RESA) (Rug, 2004), kot subtilisin 2 (SUB2)
(Child, 2013). H devtepn Aettovpyia g axtiving 2 Ppioketol o€ évo. omd T0. 6TAdN
TOV TOPUCITOV 6T0 KOovVoUTL. ATOvcia TG aKTiviig 2, 1 OVATTLEN TOV MOKVGTAOV

GTOUOTAEL G TPOO 6TAd0. Opmg, avtn 1 Asttovpyio g aktivng 2 dev pmopel va
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avtikotaotodel omd v axtivn 1, akdun kot étav avt eKEPALETOL Amd TOV YOVIOLUKO

tomo axtivn 2.

>to P.berghei éyouv yivelt oA petodhdypoto mov Tapovctalovy TpofAne
OTNV OVATTLEN TV MOKLGTAOV KOl SLOKOTT TOL KUKAOV GTO GTASI0 0V TO, OTTMG KOl GTIV
TopoVco LEAETY. APKETA EVOLAPEPOV ivat Eva LETAAAMY L0 TAPAGIT®V GTO 0Toi0 £)EL
yivel amadowpr] Tov yovidiov mov kwdikonolel v npwteivy C-CAP (Hliscs, 2010).
Avtd to. petoAlaypéva mopdoito epeaviCovv Evav eovotumo mov potdlel pe tov
eowotvTo oV Tapovolalovy to actin2 rep mapdoita. Ot npwteiveg C-CAP &xouvv
opoAoyio pe v emkpdrela oto kapPoéutehkd dxpo twv CAP (Cyclase Associated
Proteins) apmteivdv mov £xel v 110tnta Tpdcdeong o€ axtivn. Ot TpmTeives anTég
TPOGOEVOLV TO LLOVOLLEPT] OKTIVNG EUTOOILOVTOG LE OLTOV TOV TPOTO TOV TOAVUEPICUO
TOVC. XT0 HETOAAAYUEVE TOpdoita, Omov £yl YivEL OmaA0lpn] TOVL YoVidiov yia TV
npwteivn C-CAP, ta mapdoita dev mapovstalovv Kamoto tpdPANe 6T 6TAd TOV
KOKAov {ong oty gpvBpoxvttapikn @don. Ouwme, 6ta Kovvolvma TapoTPHONKOY
HIKPEG KO EKPUAICUEVEG WOKVOTES, OVIKOVES VOL OTILLOVPYNCOVV GTOPOolmidla Kot ¢
€K TOVTOV VO GLVEXIOTEL N peTddoot. Oa pumopovoe kovelg va vtobécel Ott TeEMKA o
poOroG ™G aktivng 2 og autiv TV edon eEaptdtan amd v Aettovpyia g C-CAP
TpOTEIVNG. Opnmg, 6ev VIAPYOLY OKOUN TEPOUOTIKO OEOOUEVE TTOVL Va. VTOosTPilovy

pio étoto vodeon.

‘Eva apketd evolapépov epOTNLO TOV TAPAUEVEL OKOUN avolyTo €lvol dv N
axtivn 2 oynmuatiCetl vidwa o€ avtd Ta kuttapa. ['vopilovpe ot axtivn 2 oymuarifet
widwa in vitro (Skillman, 2011), aAld dev vadpyovy péxpt otiyung evoei&elg o tnv
dnuovpyia widimv in vivo. Ovte yvopilovpe katd to6co Oa frav amapaitnta ot
otadl Tov KOKAov (ong mov M aktivn 2 mailer kpiowwo podro. To gpdTua owTod
TPOSTOHOVUE VO TPOGEYYIGOVLE GTNV EMOUEVT] EVOTNTO TNG TOPOVGOS LEAETNG, LE TNV
EICAYMYT CVYKEKPIUEVOV UETOAAAEEDY TOL £XOVV VO KAVOLV LE TOV GYNUATIGHO TOV

widlov.

[ToAAEC @opéc Yo TV €pevva TG AetTovpyiag evog Yovidiov Katackevdlovpe
UETOAAGYLOTOL KOL EPYOUOCTE OVTILETMTOL e EVOV QOIVOTLTTO TOV LaG EUmodilel va

TPOYWPNGOVUE TNV HEAETN Ko 6Ta Endpeva otadle. H mapodoa perétn amoterel Eva
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TOPaoEypo. Tov pog deiyvel 0TL po. KAOGGIKI] OTPATIYIKI] YEVETIKNG NTOPEL Vo
APNOROTOMN 0l Y10 VO OTOKOAVWOVUE pIo OEVTEPT ONUUVTIKN AELTOovPYio EVOG
YOVIOi0V TOV EKONAAOVETAL GE EMONEVA AVUTTVELOKEG 6TAOI TOV KOKAOL {onc. XTa
napdotto g ehovooiag, mpdseata £xovv Ppedel evOALAKTIEG OTPATNYIKEG, OTMOG M
OTOYELUEVT ATOAOLPT] YOVISi®mV 6TO 6TAd10 TV oropolmidimv (Lacroix, 2011) ko n
avtaAlayn vrokwvntav (Laurentino, 2011, Siden-Kiamos, 2011). Oupwg, 1 eheyyopevn
amololpn M pOOon tev yovidiov meplopileTor péEYpL Kol GNUEPO GE yovidlo LE
AETOVPYIEG AMOKAEIGTIKA GTO GTASLO TV GTOPOL®MIOIOV 1 TOV WOKIVETOV AVTIGTOTYOL.
Ye mponyobuevee peAéteg €xel ypnowomomBel M péBOdOC TV YEVETIKMOV
SCTAVPDOCEMY, Y10 VO 01000wO0VV T TaPActta amd £vo EALATTOUOTIKO QOVOTLTO,
00TMG MOTE VO UTOpoLV va Ppebovv emmpdobeteg Aettovpyieg Kol oTO EMTOUEVQ
avortvélokd otadte (Raine, 2007, Ganter, 2009). H pébodog twv YyevETIK®V
SLCTAVPDOCEMY YPNOCLUOTOMONKE Kol Yoo TNV TEPIMTOON TNG OKTIVIG 2 amd TO
EPYOOTNPLO HOG OTTMG TEPLYPAPETOL TOPATAV®. Me Tapouolo tpdmo, n néBodog g
YEVETIKNG OVTIKOTAGTAONG OV EPAPUOCALE GTNV TOPOVGO LEAETN Y10 TIG IGOUOPPES
axtivng divel v duvaTdOTNTO VO VITEPTNONCOVE TO UTAOKAPIGHO TG AVATTVUENG Ol
TNV 0moVGio TOV YOVISIoL Kot VO LEAETIGOVLE TNV AELTOVPYIO TOV KOl GTO ETOUEV
avartuélokd otadw. Av kot avt 1 LEB00G dev £xel aKOUN SOKILOOTEL EVPEMG, 1GMC
Oo pmopovoe va @avel ypNoLun yio Ty HEAETN GAL®V Yovidiov 6oV avTipetomileTot

ToPOUOL0 TPOPANLLOL.
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KE®AAAIO 4

AVTIKOTAOTOOT TNS OKTIVIG 2 ne
YULOLPLKA LETUALAYNOTO OKTIVIG
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4.1 EIZATQI'H

To yeyovog 6t 01 dV0 16oUOPPES aKTIVIG ERPAVICOVY OLOPOPETIKEG AEITOVPYIES
0T0 TAPAGITO, OTWG OEYVEL TO GUVOAO TMV TPONYOVUEVOV TEPAUAT®V, VTOOEIKVIEL
KoL QOUIKES SLOPOPES PETOED TOVG. Xe eMIMESO TPWTEIVIKNG AAANAOVYI0G TO TOGOGTO
OUHOOTNTOG TV 0VO IGOUOPPDV EIVaL KPS GE GYE0T LE TO TOGOGTO OUHOLOTNTOG TOV
Tapovoldlovy 1G0HOPPES OKTIVIG omd GAAO €101 OPYOVICUOV, OTMG EMIONG Kol TO
TOGOGTO OUOLOTNTAG TOVG UE TIG OKTIVEG TOV ELKAPVOTIKMOV 0pYavicH®V. 'Eva kotvo
YOPAKTNPLOTIKO AVAUESH GE GYEOOV OAEG TIG EVKAPVMOTIKES OKTIVES €lvat 1 tKOVOTNTA
Toug va. oynpatifovv pakpld widia. Ouwe, ota mapdoita g ghovooiag, to widia
aktivng dev €yovv dueca mopatmpndet in Vivo kot emtkpatel 1 vdbeon OTL TpdKELTAL
Yoo KOVTa Kot TOAD Suvoptkd widla. Qotdc0, Kot 0t V0 1CGOHOPPES OKTIVIG TOL
Plasmodium &yovv tv duvatdtnto va oynuotilovv widwo axtivng in vitro (Schmitz,
2005, Schuler, 2005, Skillman, 2011). In vitro mepdpoto NAEKTPOVIKAG UIKPOYPOPIOG
QOKOAVTTOLV OTL TaL VIS aKTivig ToL oYNUaTiovV 01 VO IGOUOPPES FLUPEPOVY KOTA
noh0 (Vahokoski, 2014). Evéd n aktivy 1 oynuartifel aotadn kot oyxetikd pkpd widio
in vitro, n aktivn 2 oynuoatiCer paxpid Ko otabepd widla mapopola pe to. widia F-
KTV TOV gUKOPLOTIKOV Kuttdpwv. [Ipdceata otoyeio omd v Adon g
KPUOTOAMKNG OOUNG T®V dVO povopuepdv enBePardvouy v Hmapén PacIK®V SOUK®V
drapopav (Vahokoski, 2014). Eivar Aowtdév mbovov avtég ot SOUKES SLaPOpES TO
VILAPYOLY GTA LOVOUEPT] TV dVO IGOUOPPAV OKTIVNG TOL TapaGitov va evfhvovtar yia
TIG JWPOPES OTIS WIOTNTEG TOAVUEPICHOD TV WIdlOV KOl KOT' EMEKTACY] OTIG

SPOPETIKEG AELITOLPYIEG TOL TAPOVGLALOVY OO TO TPOTYOVLEVA TEPELLOTOL.

2116 eVKAPLOTIKEG 0KTiveg 0 D-Bpoyy0og otV vITogmkpdTeLd 2 TOV LOVOUEPOVG
(DNase | binding (D-) loop) (xatdAowma 39-61 oty axtiv 1) gival po oo T1g mo
ONUAVTIKEG TEPLOYES Yo TO ToAvpEPIoHO. Katd tov moivpepiopd tov widiov, o D-
Bpoyyog evoc povopepois elodyetatl 6Ty VOPOPOPN oylou Tov PpickeTol HETAED TV
vroemkpote®v 1 ka3 oto endpevo povopepés. O D-Bpdyyog cuppEeTEYEL OTIC ETAPES
peta&d TV HoVoUEP®V KTd TOV AEoVa TOV VIdTOL Kol OTIG TAEVPIKEG EMAPES, OL OTOLES
elvan kpioweg yu v otabepdtta T@v widiov. Ko otig 600 16opop@ég axtivng Tov

Plasmodium, apwoéikd koatdrowuto otov D-Bpdyxo mov coppetéyovv otig aovikég
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emapéc dwpépovy to 1010 omd ta. avtictoyyo KatdAowro otov D-Bpoyyxo twov
EVKAPLOTIKOV OKTIVOV. KatdAlouro mov GUUUETEYOVV OTIC TAEVPIKEG EMAPES EMIONG
JPEPOLY A0 TIG EVKAPVMOTIKEG OKTIVEG OAAA KOl UETOEDL TMV 1COUOPPDV GTO
Plasmodium. O D-Bpdyyoc, ka1 otig 600 160popeés, epeaviler po ataéio oTig
KPUOTOAMKES SOUEG TV povopepaVv (eikdva 4.1) kot 1 Kopuer| tov dgv gival opatn

otovg ybptec niektpoviakng mtukvotntog (Vahokoski, 2014).

PfActl /

Hydrophobic
cleft

Ewova 4.1. ZOyKpron KPLOTUAMKAOV SOLAOV TOV HOVOREPAY TG 0KTiVIg 1 Kot akTivig 2 pe Ty a-
axtivi. TV eidva mopovctdletal  kpuoTodliky dopur Tov povopepovc g PbACtH (axtivn 2) kot tng
PfActl (oxtivn 1) og oyéon pe v a-actin (a-axtivn) tov O.cuniculis. Avaypdeovtol ol técoepic
VIOEMIKPATEIEG TOV aKTIVMV, TO KapPBo&utehko Tpiua, o D-Bpoyyoc (D-loop) oty vroemikpdteia 2 kot
1 vdpogopn meproyn (hydrophobic cleft) peta&d g vroemkpdreiag 1 xa 3.

Me Bdon tov onpoavtikd poAo mov £xel o D-Ppdyyoc yio Tov ToAVUEPIGUO Kot
TIC OWPOPEG TOV  TOPOVCLALOVTOL HETOED TV 1COHOPPAOV, ONUIOLPYNONKE o
yuoupikn poper ¢ aktiving 1 tov P.berghei amd v ocvvepyalduevn oudda tov
Freddy Frischknecht (Vahokoski, 2014). H yyuapikn axtivn 1 tov mapacitov gépet tov
D-Bpéyxo g oa-oxtivng tov Oryctolagus cuniculus avtikefiotdvtag v
vroemkpateld 2 e aktivng 1 pe v vroemkpdten 2 g a-aktivng. H yuaipikn
axtivn 1 oymuatifel poxpid widwa, peyaAvtepa amd v oktivn 1, aAAd Kot v aktivn
2 (ewova 4.2). H coppetpio tov idiov amd v ypouptkn axtivn 1 eivol mopdpota pe
™V cvoppeTpio Tov widiov g aypiov tomov axtivng 1. ‘Etor o D-Bpdyyoc g a-
oaktiviig mopéyel otabepotnta oto wido. EmumAéov, m kpvotoaAlkn doun Tov
HOVOUEPOVS TNG YYLOPTKNG aKTiving 1 €x€l ONUOVTIKY] OLOIOTNTA E TNV Oypiov TUTTOV
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axtivn 1. Evtovtoig, vapyovv agloonpeimteg dtopopéc, 0nmg 1o 6tL 0 D-Bpdyyog dev
nmopovotdler v atoéio mov éxer o D-Bpodyyog otig aypiov tOmov aktiveg TOL

TOPOGITOV.

10000

1000

Length (nm)

100

=

107 5
T g k
g g E
n= 20 33 29

Ewova 4.2. To piikog Tov widiov axtivig 1o Plasmodium dwagéper. H pétpnon tov widimv axtivng
£€yve amd MAEKTPOVIKEG LUKpOYpapies anovoia mapaydviav otobepomoinong. H axtivn 1 oynpartilel
Kovtd widw, evd N aktivn 2 oynuatiCel widio wov kvpaivovtal and ekotovtadeg NM péypt 1-2mm.
Axoun peyodvtepo widwn katd péco 6po oynuotifer n ypopkn oktivny 1 6mov o D-Bpodyyog éxet
avtikataotadei pe tov D-Ppdyyo amd v a-axtivr tov O.cuniculus. O Y G&ovag givar oe AoyaplOpky
KAIpoKoL.
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4.2 AIIOTEAEXMATA

H yiuoupixn oxtivy 1 ue tov D-Bpoyyo e a-oxtivyc aroxabiota v youstoyéveon

KoBng €yve EexdBapo amd Toug cuvepydTeS oG OTL 01 IOOTNTES TOAVUEPIG OV
™ axtivng 1 in vitro oAlalovv avtikadiotodvrag tov D-Bpdyyo g axtivng 1 pe tov
D-Bpdyxo ™c¢ a-axtivng, omo@oacicape vo HEAETNICOVUE €0V OLTN 1) TPOTOTOINGN
UITOpEL VoL EXEL KATOL0 aVTIKTLTO Ko 6TV Agrtovpyia g aktivig 1 Tov mapacitov in
vivo. 'Etol, dnuovpynoope  Stoyovidlokd mopdoita XpnoLOTOIdVIOS TV ido
OTPATNYIKN KE aLTH TV act2 com kot act2 rep mopacit®v Yo Tov HETACYNLATICUO
Tov act2-::mcherry mopocitov. Ta véa dayovidiakd mapdoito ovopdotnkay actinl
chimeric (actl chi). X& avtd ta Tapdotta, oTov Yovidloko tOmo axtivy 2 Tomofethonke
TO YLOPIKO Yovidlo mov kKwdikomolel tnv oxtivn 1 ko eépet tov D-Bpdyyo g a-
axtivng Tov O.cuniculus avtikabiotd®vTog TV VIoemKpatela 2 TG aktivng 1 pe v
VIOEMIKPATELD 2 TNG 0-akTivng (swdva 4.3C). ZoumAnpopuotikd KoTooKeVAGTNKE Kot
70 avTioTPOPO UETAAAAY O StayovidlaKk®V mapacitwy a-actin chimeric (a-act chi). e
LTIV TNV TEPITTOON GTOV YOVISLOKO TOTO NG axtivys 2 tomobeteitan To ypuonpikd
yovidio mov kmdikomotel v a-aktivn tov O.cuniculus kot eépet Tov D-Bpdyyo g
aktivng 1 Tov P.berghei avtikabiotdviog v vroemikpdtelo 2 e a-oKTivig Le TV
vrogmikpatewn 2 ™ aktivng 1 tov mapacitov (swova 4.3D). Kot oty nepintwon tov
actl chi, oAAG ko otV TepinTmon TV a-act chi mapacitov, £yve Khovonoinon pe

™V 1€B0J0 NG dLB0YIKNG OPaimOTG KO YOVOTUTKOG EAEYYOC.
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A actin2 5'FR actin2 ORF | ==l act2 com
B actin2 5'FR actinl ORF [ =P =0T act2 rep

a-actin
C actin2 5'FR actini ORF BPEFETIM actl chi
‘actinl '

D actin2 5'FR a-actin ORF BT FEIEM g-actin chi

E actin2 5'FR a-actin ORF P EdEW Ocact

actin2

F P EIZ actini ORF IEETFELTN actl/act2 D-loop

Ewéva 4.3. Tympotikn oxeikévion véOV PHETOCYNMATICUEVAOV TAPUGITOV Y0 TNV UVTIKATACTICN
mg oktivng 2. A,B. Metaoynuaticpéve act2 com kot act2 rep mopdoito mov weEPLypaeovial 6To
kepdhato 3. C, D, E, F. Metaoynpartiopdc act2-::mcherry mapacitov pe véo petalhdypoto yio ty
AVTIKOTAOTOOT] TOL YOVISIoL akxtivy 2 6Tov YovidloKo TOmo axtivyy 2. H otpatnyikn) HETACYNUATIOHLOD
glvar 010 pe avtv mov akoAovdncape yio to act2 com kot act2 rep (swodva 3.2A). C. Xyapikod yovidio
nov Kwdkomotel v aktivi 1 kot eépet Tov D-Bpodyyo g a-axtivng tov O.cuniculus. D. Xipoipikd
yovidio mov kmdikonolel TNV a-oktivn pe Tov D-Ppdyyo g aktivng 1. E. T'ovidio mov koduomotel v
a-axtivn. F. Xipoipued yovidio mov keduomotel v axtivn 1 pe tov D-Bpdyyo g aktivng 2.

H oavtikatdotaon tov D-Bpdyyov oty axtivn 1 €xel o agoonueiom
EMOPOOT OTNV YOLETOYEVEST TOV OPGEVIKOV Tapacitav (ewdvo 4.4). Xto actl chi
TAPAcITa, O OopPlBUOG TOV OPCEVIKOV YOUETOKVTTAP®V TOL OAOKANPAOVOLV TNV
yopetoyéveon etvol LEYOADTEPOS, LE GTATICTIKA CNUAVTIKY Opopd, amd To act2 rep
mapdotto kKot TAnctdlel to aptuod mov divovv Ta act2 com moapdotta. Avtibeta, otnv
nepintmon tov a-act chi, eAdyioto opeeEVIKA TAPAGITO KOTAPEPVOVY VO, OAOKAPHGOVV
TNV YOUETOYEVEST O EMIMESO TOPOUOLO ILE AVTA T®V act2 rep mopacitov (ewodva 4.4).
H oVykpion tov 600 ypopikodv petodraypdtov pag dsiyvel 6tt o D-Bpodyyog g -
aKTivng gival tkavog omd pOvVog Tov va. Emovagépet TNy yapetoyéveon (actl chi), evo
GALeg TEPLOYEC TNG O-aKTivG dgv cLUPBAALOVY og oty TV dadikacia (a-act chi), 1y

TOVAYIOTOV O POAOG TOVG OV ivat TOGO SNUAVTIKOG,.
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Ewova 4.4. H uporpui axtivy 1 pe tov D-Bpoyyo amd v a-axtiv erava@éper TV yopetoyéveon
in vivo. Métpnon tov aplfpod TOV apPCEVIKOV TOPUCIT®V 7OV OAOKANPOVOLY TNV YOUETOYEVEST
(exflagellation). Xmv ewova o@aivetor o péoog 6pog twv yeyovotwv avd medio (exflagellation
events/field). O éheyyog yivetan og mdvew and 20 nedio og kGbe deiypo. o 10 TeMKd anotédeoua og
k60e otéleyog Topacitwv, xpnoyomomonkay Bodoykd delypoto amd aipo SIPOPETIKOV HLOAVGUEVOY
ToVTIK®OV. Xt actl chi napdoita o apBudg TV apeEVIKOY TOL OAOKANPOVOLV TNV YOUETOYEVEST Eival
peyoldtepog and to act2 rep pe peyGAn otaTioTikd onpavtiky dwapopd. Avtifeta ota a-actin chi
eMAIoTO TOPAGITA KATAPEPVOLY VO OAOKATPMOCOVV TNV YOUETOYEVEST , OTIMG Ko ota act? rep. act2(-)
ovpPoriel ta act2-::mcherry mapdorra. n.s. (non-significant) ocvpPoliler v amovoio ctoTIoTIKG
onuavTikig dapopdg, *** onuaiver P=0.0001 kot * onpaiver P=0.05 (Student’s t-test).

Me 1oV 1010 TpOTO KOTACKELAGTNKOV KOl GAAL 600 dtoyovidlokd TopACLTa.
Yy mpotn mepintmon (Ocact petdAlaypa), To aypiov TOTOV YOVISO a-0KTIVH TOV
O.cuniculus tomoBeteiton otov yovidlokd TOmO axtivy 2 petacynuatiCovtag ta
napdotta (swova 4.3E). Zmnv dedtepn mepintwon (actl/act2 D-loop petdAroyua)
tomobeTeiTal TO YLOUPIKO YOViIdlo TOV K®OKOTolEl TV axtivy 1 Tov mopacitov 6to
omoio &gl avtikatactadel o D-Bpdyyog te avtdv g axtivng 2 Tov Tapacitov (sikdva
4.3F). Metd v KA®vomoinon kot Tov YOVOTUTIKO €Aeyyo emAExOnKe €vag OeTikdg

KAOVOG o€ KGO TEPIMTMON Y10 TNV QUIVOTLTIKY] LEAET. 20TOCO, O LETOCYNMUOTIOHOG
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tov act2-::mcherry mopocitov pe avtég TG avVTioTOr(ES TAACUIOIOKES KOTAGKEVEG
£yvav ToVTOYPOVA, YPNOLUOTOIOVTOS Topdotlto amd TV 0o KaAALEpYELD, TOV OUMG
Ntov elheinn og yopetokvtropo. Avtd opeileton o€ Toyaiec petadrayés (Sinha, 2014).
E@dcov dev éovie YoUETOKVTTOPA, OEV UTOPOVUE VO PYGAOVE GOUTEPAGLLO Y10, TV
YOUETOYEVEST] KOl £TGL 1] ETOVAANYT] TOV UETACYNUATIOLOD T®V Tapocitwv Oewpeitat

avayKoio.

Otav yiverton avtikatdotoon tov D-Bpodyyov g axtivng 1 pe tov D-Bpodyyo g
a-oktivng, oymuatiovtor pakpld widie in Vitro kot in Vivo oamokabiotator 1
YOUETOYEVEST] TV apoeVIK®OV. Emiong, 6mmg eaivetar and ta dedopéva avalvong g
dopng G, M okTivy 2 €yel amokToEl OAAEG 1010tNTEG TOL GLUPAAAOLY GTNV
otafepOTNTa TOV WISI®V TNE. VVETMG PoiveTaLl OTL 1) LOPLOKT) AELITOLPYIO TG KTIVIG
2 {fowg e€aptdtor amd ™V KavoOTNTa TNG TPOTEIVIG Vo oynuatilel widw. Apa eival
mOavov 0 GYNUATIGHOG HOKPLOV WidiwV amd Tnv aktiv 2 va eival amapaitntog oty

JadtKaGio TNG YOUETOYEVESTG.

H rapovoia tov D-Lpoyyov e a-oxtiviyc oty oxtivy 1 gy emovopépel Tov oivoTomTo

OTIC WOKVOTE

To yeyovog 6t ta actl chi mapdoita exava@éPovy TV YOUETOYEVEST] GTA
OPGEVIKA, oG OIVEL TNV SLVATOTNTO VO LEAETNIGOVLE TOV (PALVOTUTO KOl GTO ETOUEVA
avortuéloKkd oTédlo Tov TOPAGITOL PEGH, GTO KOLVOLTML Apyikd £ywve in Vitro
KOAALEPYELD MOKIVETMV Yl va dovpe edv ta actl chi apoevikd Exovv v KovoTTa
VO YOVIHOTOMGOLV TovG OnAvkotg yapéteg. Zynpatiloviol wokivETeg, ol omoiot dev
eLEavilovy KAmoto LOPPOAOYIKT dlapopd pe Tovg aypiov toHmov (skdva 4.5A). Xty
ocuvéyew HeTpndnke 10 mTOGOGTO TOV ONALKOV YOUETOV TOL pETOoYNUaTiloVTOl OE
wokwétes. Bpénke 611 10 m0c00TO peTaTpomic OnAvkdv o wokvéteg ota actl chi
napactto givol KpOTEPO omd TO TOGOGTO UETUTPOTNG TMV Aypiov TOTOV TOPAGITOV,
LE OTOTIOTIKA CNUOVTIKT Oopopd. ZVYKpIivovTog TO OMOTEAEGHA OVTO LE TO TOGOGTO

LETATPOTNG TV act2 rep mapaciteov, PAETOVE OTL TO TOGOGTO UETOTPOTNG TV actl
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chi eivon Aiyo peyaiivtepo, ympig OHMG KATOW GTATIGTIKG GNILOVTIKT d10popd (skdva

4.5B).
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Ewova 4.5. To actl chi mapasita oynpatilovy hyotepovg mokivéitsg amd too WT mapaoita. A.
‘Eywve kodlépyeion wokwvetdv yioo WT won actl chi mapdorra. H meprpépera tov WT wokwvetmv
onuaiverol pe to avticopo Pbs21. Ta actl chi exkgppdlovy otabepd v GFP kdto and tov £leyyo tov
vrokwnt hsp70 og 6da ta otddie Tov mapaocitov. Kiipoke Spm. B. To m0606T0 HETATPOTNG T®V
OnAvkov/{uyotdv oe wokwvéteg (0okinete conversion%) oto actl chi mopdoita eivol ototioTiKd
onpoavtikd mo pkpod o oyéon pe ta WT mapdoita, aAld pe ta act2 rep mapovoidlovv pkpn dapopd.
n.s.(non-significant) cupBoAilel Tnv amovoio oTATIGTIKA oNUAVTIKNAG drapopdc, *** onuaiver P=0.0001
(Student’s t-test).

IMa va dovpe €qv o1 WOKIVETEG £YOLV TNV SLVATOTNTA VO, LETATPATOVV GE
wokvoteg 10 pépeg petd and ticpo oe A.gambiae, éywve amevbeiag éleyyog oV
WOKVOTMV [E 0VOCOPHOPIGHO, YO TOV EVIOMIGUO OKOUN KOl HKPOV oe péyebog
®WOKVLOTMV OV dgv lvar opatég 610 onTkd pkpookomo. 'Etot ypnoponombnke to
avticopa Cap380 kot emmAéov Eywve ypdon tov DNA. Tehkd, ot actl chi mokivéteg
EYOLV TNV dVVATOTNTO VL TEPACOVY TO EMONALO TOV EVIEPOL KOl VO dDGOVLV MOKVOTEG,
OAAGQ OTOTIOTIKA TOAD AyOTEpPES amd Ta. aypiov tHmov mapdcita (ewdva 4.6A). Mg v
yxpmon tov DNA tov wokvetdv edavnke 6Tt polg oto 11% tov actl chi wokvotdv
aVLVEVETOAL CTIL0, EVA OTIC 0Yplov TOTOV MOKVGTEG TO TOG00TO PTaveL oto 80%. H
EMOVAAN YT TOV TEWPAUATOG, OOV £YIvE EAEYXOG TV MOKLOTAV OTIC 8 HEPEC PETAL TO

Tdiopa, £0€1EE TO 1010 AMOTEAEG L.
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Ot wokvoTteg tov actl chi mapacitwv ivor ToAd pukpés g péyebog. Xy ewdva
4.6B o@aivetor TO YOpOKTNPIOTIKO mopddetypo ovo actl chi wokvot®v 7mov
TapoLGLaLovy dtopopd oto PEYENOG, Lo LKpN KO Lol LEYOADTEPT OKVOTT, Ol OTTO1EG
Oumg elvar mOAD pukpdteEpEG Omd TNV peyOAn aypiov tHmov wokvotn. o va
emBefardoovpe ™V Tapatnpnon, petpnoope to péyeboc twv wokvotdv o actl chi
Ko aypiov tomov mapdcita. H dtapopd elval 6tatioTikd onuovTiKy Kot akOun Kot ot
«ueyarec» mokvoteg tov actl chi mapacitwv dev Eemepvoiv oe Péyebog tov Héco 6po

neyébovug Tav aypiov THmoLV ®okVGTOV (g1kOvVa 4.6C).
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Ewova 4.6. To actl chi eynuotifovy Liyes kan pn @ueloroyikéig mokvotes. A. Kovvoomo A. gambiae
toiotkav pe polvouéva novtikio amd WT (yoddalo) xou actl chi (pol) mapdoita. O éheyyog yio
wokvoteg £ywve 10 pépeg petd 10 tdopa ypnoomowwdvoag to avticopa Cap380. To actl chi
oynratilovy Myotepeg MOKVOTEG pe OTATIOTIKG oNULavTIKY dopopd and ta WT mapdotta. B. Qokvoteg
and WT xar actl chi mopdotto onpoaivovior pe Cap380 (kdxkvo) kou yivetor ypworn tov DNA pe
Hoechst (umke). Kot ta WT ko to actl chi napdoita ekppdlovv otabepd GFP. Zta actl chi vrapyovv
HUKPES Ko Alyo LeyodldTepEg MOKVOTEG OV OUMG 0ev Eemepvovv og péyebog tig WT woxvoteg. KAipoka
5um. C. To guPadd tov mokvotdv (area in pm?) vroroyieton yioo ta WT (yodélo) ko o actl chi (pol)
nopdorra. Ot actl chi woxvoteg givar modd pikpdTepeg and 1 WT wokvoteg. ***onpaiver P<0.001
(Student’s t-test).

TéMog yio va eheyyBel ) duvatdTNTa peTddoonS, LOAVCUEVE KOVVOUTLO E1TE e
actl chi gite pue aypiov tomov mapdoita taiotnkov pe vy movtikio. Omwg frav
OVOLEVOUEVO, HOVO OTNV TEPITT®OT TOV oypiov TOTOL TAPAGIT®V TO TOVTIKIL
enpdvicav mopacttoupio 5 pépeg perd. Eywe emavadnym tpelg @opég avtod TOL

TEPALOTOG LE TO 1010 UTOTEAEGLAL.

Yvvontikd ta actl chi mapdoito oynuotilovy ®OKIVETEC, LE TO TOGOOTO
HETATPOTNG TV ONAVKOV 08 MOKIVETEC Vo elval YoOUNAOTEPO amd To aypiov TOHTOL
apdotta. Or MOKIVETEG £XOVV TNV SVVATOTNTO VO SLOTEPATOVV TO ETLONALO TOVL EVIEPOV
TOV KOLVOLTUDV KO VO LETATPOTOVV GE MOKVGTEG, TOV OUMG Ol MOKVOTES AVTESG Elval
Mybtepec Ko piKpoOTEPEG amd TG aypiov tomov. Emiong, otnv mietoyneio toug dev
nepieyovv DNA mov pmopet va onpaiver 6tt avtd mbavov yabnke AOyw ek@LAMGHOD.
Téhog ta actl chi mtopdotta dev petadidovtot pEcw twv Kovvovmiav. Ta anoteléopata
avtd degiyvouv 61t ov actl chi woxvoteg dev AVATTUGGOVTIOL QVOIOAOYIKG, EVOG
@ovoTumog ov Buuilel Tig act2 rep mokvoteg. EmPePordverat yio akdun pio popd 6t
N oktivn 2 givol omapaitnn yio TNV 6OOTN OVATTLEN TOV MOKLOTOV. ATovcio TNng
aKTivng 2 o1 WOKVGTEG OV OVOTTVOCOVTAL PUGLOAOYIKE, oVTE OTaV 1) OKTivi 2 )&t
avtikataotodel pe tnv axtivn 1 aAld kot v quopikn axtivn 1 pe tov D-Bpodyyo g
0-0KTIVNG. XUVETMG, OKOUN Kol ov O TOAVUEPIGHOC mailel Kpioywo poAo otnv
YOUETOYEVEST], GLTO TO YOPUKTNPLOTIKO OEV EIVOIL OPKETO Y10 TNV AEITOVPYIN TNG OKTIVIG
oV avATTLEN TOV MOKLGTAOV. AVTO pag delyvel 0TL 0 PpOAOG TG 0KTIVIG 2 6€ AT TO
otddw0 givor aveEAptnTog amd ToV PO TOL £XEL GTNV YOUETOYEVEST), YEYOVOS TTOV

VTOONAMVEL OLAPOPETIKEG AELTOVPYieC o€ KAOE 0TAO10.
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43 XYZHTHXH

To apyoio eOro Twv Apicomplexa sivor mbovov vo dwywpiotnke and ta
omicOdkovto (opisthokonts) mpwv amd éva dioekaToppdplo xpPOVIO Kot 1| TUPEKKALOT|
tov Plasmodium éhafe ydpa mpiv exatovtadeg ekotoppipio ypovia (Escalante, 1995).
Yuvenmg M avalnmnon Tev oleop®mv HETOED TV dV0 1COHOPPOV OKTivNng ot
TOPACITO, TNG EAOVOGTOG LG O0PMTICEL OYETIKA UE TO TPOIUN OTAON EEEAMENC TMOV

OKTIVOV.

O1 V0 160HOPPEC OKTIVIG SLUPEPOVY OC TPOG TIG LOLOTNTEG TOAVUEPIGLOV, TV
otafepoTnTa. Kol TNV ovpueTpion g EMkog TV widimv, Ommg delyvouv Ta
amoteréopato Tov cvvepyatov pog (Vahokoski, 2014). H axtivn 2 oynuotilel paxpid
widta in vitro mov N cvppetpia Tovg Ovpilel ™V cvppeTpio TOV WSOV AKTIVIG TOV
GAAOV gVKOPLOTIKOV opyavicudv. [lepépyme, oe eninedo ariniovyiog, n axtivn 2
dweépel amd v oktivn 1 dmmg Kot pe TIG LIOAOMES EVKOPLMOTIKEG OKTIVEC. ATO
nponyovueveg peréteg oto gpyaoctipld pog (Deligianni, 2011) kot omd otovyeio pe
Baon v doun (Vahokoski, 2014), evdéyetor 6Tt T0 YOvidlo TG aKTivig 2 TPOEKVLYE
Lovo petd tov daympioud tov Plasmodium oo to Apicomplexa. Emiong n mpoteivn
QoiveTal VoL OTEKTNOE LEYAAVTEPT) oTafEPOTNTA OTA Wvid1a akTivng aveEaptnta omd TV
e€eMkTIKn Topei OV  akoAoVONCOV Ol LTOAOWMEG OKTIVEG TMV EVKOPVOTIKMV

OPYOVIGUOV.

O D-Bpoyyog mailer onuovtikd poA0 oIV SpdpP®GN TOL WIdiov Kot TNV
otafepdtntd Tov Katd Tov moivuepiopd (Holmes, 1990, Oda, 2009, Fujii, 2010,
Murakami, 2010). O D-Bpoyyog otic axtiveg tov Plasmodium dwapépel and Tig
VIOAOITES EVKAPLMOTIKEG OKTIVEG. ALPOPES OUMG VITAPYOLY Kot LETAED TNG axTivng 1
Kot TG oktivig 2 tov mopocitov. In VIitro mepdpoto MAEKTPOVIKAG UIKPOYPOPIog
OTTOKOAVTTTOVV SLOPOPES O TPOG TNV OAUOPPMOT TNG EAKOG HETAED TV WVIdIV NG
axtivng 1 kot tov widiov axtivig Tov GAADV eVKapLOTIK®OV opyavicpdv. H aktivn 1
oynuotiCel aotadn kot pikpd widw in Vvitro, oe avtiBeon pe v axtiviy 2 Kot TIG
eVKAPLOTIKEG akTives. Ouweg o D-Bpodyyog g a-axtivng givor tkavog and pdévog Tov
va dmaoeL pakpld vidla axtivig 1 xopic va aAralel n coppetpio tov widiov. Eved Aowmdv

0 D-Bpoyyog ¢ a-aktivng lvor onuavtikog yio v otafepdtnTa Kot ToV TOAVUEPIOUO
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oV Widiov, T0 oyNua Kot n ocvppetpia g Eakag oty axtivn 1 kabopilovtor amd
dAAovg apdyovtes. Aedopévou 0Tt 0 D-Bpdyyog g axtivng 2 dtapépet Kat avtdg amod
tov D-Bpdyyo g a-axtivng, icmg n otabepdtnta Kot 0 ToALUEPIGUOS TG aKTivig 2
EMTVYYAVETOL UE TNV CLUUETOYN TAELPIKAOV OAANAETMOPACE®V Kol Ol pe tov D-
Bpoyyo. Oa pumopovoe Kavelg va vrtobéael 0Tt Eekivavtog amd Evay Tpdyovo e aoTabn
widla, M oaxtivn 2 katd TV €EEMKTIKN TNG MOpeio OMEKTNOE TNV 1KAVOTNTO

oynUaTIIcpoy otafepmv widiwv, n oroia dev e€aptdratl and tov D-Bpoyyo.

[Ma va amavinBovv ovtd Ta pOTHHOTO, ONUIOVPYTCALE S10YOVISIOKA TAPAGLTOL
mov ekPpalovv Vv ywopkn oktiviy 1 pe tov D-Bpodyyo ¢ a-oktiving amd tov
yovidlakod tOmo axtivy 2. Bprikope 0t ovt) M yonpiky] oktiviy 1 pmopovce vo
Aertovpynoel oyeddv 1000 KaAd 600 M aktivipy 2 In VIVO, emavaQEéPOVIOG THV
YOUETOYEVEST] OTA OPGEVIKA Tapdaoita anovoio g aktiving 2. To amotéleopo ovtd
emPePodvel ta In Vitro mepdpoto kKo vrwootpilel v Oempioc 6TL M poproKn
Aertovpyia TG akTivig 2 lomg eEapTdTol amd THV IKAVOTNTO TG TPOTEIVIS VO
molvpepileTor. Apa givar mOAVOV 0 GYNUATIOROS HOKPLOV KOl 6TAOEPAOV VIdI®V
omé TNV oKTivy 2, vo givol amapaitTog oTNV OdIKAGio TNG YOUETOYEVESTG.
Avtifeta, yio Tov pOA0 NG oKTiviig 2 OGNV avATTLEN TOV MOKLGTAOV OgV OPKEL O
TOAVUEPIGHOG, KOOMG 1 OVTIKOTAGTOON TNG aKTivg 2 pe TV Yoiptkn aktivny 1 dev
TPOAYEL TNV OVATTVEN TOV WOKVOTOV, OTMG KOl GTNV TEPIMTOON TNG aypiov THTOL
axtivng 1. Téhog , pmopovpe va vwoBEcov e 4Tt 0 AOY0G TOL TPOEKLY AV dVO IGOUOPPES
axtivng ota mopdotto katd v e£EMEN MTav 1 OVAYKN VO DTEPYOLV OKTIVES LE
SPOPETIKEG 1O10TNTES TOALUEPIGHOD, TOAVOV AOY® TG EAAEWNG TOKIAlOG OF
TPOTEIVEG TOV TPOocdEVovTaL 0TI aKTives. Ta amotedéspata delyvouv OTL 01 1O10TNTEG
TOAVUEPIGHOV KOl OTIS 000 WGOUOPPEG aKTIVIIG TOL mopacitov elyav Eeymplot)
e€eMkTikn mopeia EEKVAOVTOS omd évav Koo mTpodyovo pe actadn widio. Oa ntav
EVOLOPEPOV VOL SOV LE LEALOVTIKA EGV O1 IGOUOPPES AKTIVIG TOV TAPOGITOL LTOPOVV VL

OVATTATPOGOLV IGOUOPPEG OKTIVIG €ite PUTOV gite LOWV.

Mo voBeon yOpw amd v axtiviy 1 elvar 0tL v ypetaleTon oTo TAPAGLTO
v TV oAMce0évovoa kivnon Kot 0Tt Ta vidlo aKTivng TOV GUUUETEYOLY TPETEL VoL Elvalt

Kovtd kot pe pikpd ypovo Long (Skillman, 2011). Onwg amodeikvietar Aomdv, M
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axtivn 1 oynuotier pikpd Ko aotadn widw axtiving. Avtifeta  axtivy 2 £xel v
ovvatotTnTe Vo oynuotiCer pokpid ko otafepd widwe mov mBavev givor
OTOPAITNTA YO TNV OLUOIKAGIA TI|S YOPETOYEVESTGS, EVO LGOS VO PNV EIVOL APKETA
Yo TV Aertovpyia TG axTivig 2 6TV avanToén TOV mokveT®v. To tapdoita g
ghovooiag oaivetor vo eglvor ta pdvo mopdoita amd To mopdoito. Tov  EOAOL
Apicomplexa mov eEEMKTIKA oméEKTNOAV o, OEVTEPN 1OGOUOPYPYT] OKTIVIG 7OV

oynpoatilel paxpld Kot otadepd wvidia.
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KE®AAAIO 5
Ipo@iA YOVIOLOKTC EKQpAONS OTA
act2(-) kan CDPKA4(-) yopetokvTTOpO
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5.1 EIZATQI'H

H yapetoyéveon ota mapdotita g eAovociog eivar pia mepimhokn dadikacio
SPOPOTOINoNG Kl AVATTLENG TOL KLTTAPOL GTNV OToi0 TOAVOV GUUUETEYOLY TTOAAL
yovidtakd tpoidvta. H yapetoyéveon oAOKANPAOVETOL GE TOAD PIKPO YPOVIKO S1ACTN O
otav opua yopetokvutTapa fpefovv 610 TEPPAAAOV TOL KOLVOLTLOD. AEV VITAPYOLV
TOALEC TANPOPOPIES Yo TO SLOSOYIKE YEYOVOTO TOV GLUPOIVOVY GTO TAPAGITO KOTH
™V youetoyéveor). Qotoco, Exel Bpedel Evac aplOuodg petadliayudtmy Tov PITAoKapovY
UEPIKADG 1) TANP®G TNV YOUETOYEVEGT, OAAG Ol outieg MOV TPOKOAODV OQUTOV TOV
eowotumo dev €yovv katavondel oe poplokd eminedo (Akinosoglou, 2014, Bilker,
2004, Deligianni, 2011 and 2013, Kenthirapalan, 2014, Olivieri, 2014, Ponzi, 2011,
Tewari, 2005). 'Evo an6 ovtd ta petaAldypoto sivar to CDPK4(-) oto omoio
amovoldlel n aoPeoto-eEaptmdpevn mpmteivikn kwvaon 4 (Calcium Dependent Protein
Kinase 4, CDPK4) mov puBuilel mpodeg dodikacieg oty yapetoyéveon (Bilker,
2004). Amovcio g CDPK4, dev mpoypatomolovviol ot ITOTIKEG SLOPEGELS GTNV
YOUETOYEVEST] TOV OPCEVIKOV TOPACIT®V Kot 0ev oynuatiloviot to. aoviuaTa, TOL
aroteAoVv  Pacikd otoyeio TtV apoevikdv  yopet®v. Ouwmg, m €E000G TOL
YOUETOKVTTAPOV 0td TO pLOpPOKVTTAPO EEVIOTY| deV emnpedletar. Mo GAAN Ttepimton
OOV 1M YOUETOYEVEST] TV OPGEVIKMOV TTAPOCITOV UTAOKAPETAL €lval 1 omovGio NG
aktivng 2 (act2(-)). Ze avtd to peTdAloypa YivOvToLl Ol ITMTIKEG OLOPECELS KOl T
aCoviuato oynuotiCovrar aAAd dev €xovv Vv kavotnto kivnong. EmutAéov, ta
OPGEVIKA YOUETOKVTTAPO TAPOUEVOLY TAYOEVIEVA HECH 0TO £pLVOPOKHTTOPO EEVIOTN
pe tig ovo pepPpdveg mov mepidiiovy to mopdsito, v PVM kot tmqv RBCM, va
TapapEVouy avémapes. No onuetmbel 0Tt Kopio amd ovtéc TIg 000 TPMTEIVEG OEV

Bempeiton OTL GUUUETEYEL AUECH GTNV LETAYPUPIKT pOOUIOT.

Apyikd melpapota Tov elyav yiver yio TNV HEAETN TOL UETOAAAYUOTOS OTTOV
amovotdlel  aktivny 2 £8eiav OTL To EMMESD TOV UETAYPAPOV GE KATOLO Yovidia
aALalovv ota petaAlaypéva yopetokvttapa. ‘Etol, vmoBéocaps 0tt n amovoia g
axtivng 2 iowg emnpedalet pe évav €upeco tpdno 1o mPoeid g petaypaens. I'a va
HEAETNGOVLLE EAV M TTOVCT GTNV YOUETOYEVEST] GLVOOEVETOL OTO TNV AN GTO TPOPIA

™G YOVIOLOKNG EKPPOONG EYIVE avOALGT T®V act2(-) HeTaAAAYHEVOVY YOUETOKVTTAP®V
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o€ oxéon HeE aypiov TUTOV YOUETOKVTTOPO LE HKPOGVOTOLieG YOVIdi®V TOL
AVTITPOOOTEVOVY OAOKANPO 1O yovidimpo tov P.berghei. Xtmv pelétn ovt
ovumepanenke kot to CDPKA4(-) petdAlaypo pe 10 OoKemTKO OTL KOl To 000
LETOALAYLOTO. TTOV UTAOKAPOLV TNV YOUETOYEVEGT TMV OPCEVIKMOV TOPAUCITOV GE
SPOPETIKEG YPOVIKEG GTLYLES 16MG VOl £XOVV KOWVA Kol SLOPOPETIKA YOPUKTIPLOTIKAL.
YVVENMDGS, 1 GLYKPLTIKT] VOAVGT T®V OV0 HETOALAYUATOV GE GYE0T LE TOL oypiov TOTTOV
TopAo1To iI6mg va Tpocdidpile Ta Stadoytkd TPoPid TG YOVISIOKNG EKYPOOoNS KOTH TNV
YOUETOYEVEST] KOl VO OOKOAVTTE KOwEG Olepyacieg mov ovpPaivouv péca o©1o

KOTTOPO.

100



5.2 AIIOTEAEXEMATA

To wpowil e yovidiaxinc ékppaonc oto. act2(-) koa CDPK4(-) youstoxdrropa

Mo v avélvon tov TPoPiA TG YOVISLOKNG EKOPAONG LE UIKPOCLGTOUYIEG
yovidimv, apyikd poAvvinkay Tovtikia pe gite ue aypiov tomov, gite pe act2(-), eite pe
CDPKA4(-) mopdotta. Amod kabe mepimtwon eiyoue 600 PlOAOYIKEG ETMOVOANYELC.
XopnynOnke covieadialivn yuo va eEaretyovpe tor un euietikd otddlo (Beetsma,
1998) war otV cvvéyela Eywve kaBopiopdc tov yopetokvttapov. OAla ta detypota
eréyyOnkav pe Giemsa kot avoco@Bopiopod pe to avticopo NAP/SET, 1o oroio givat
EVOEIKTIKO Y10, TOL EVEPYOTOINUEVA P opoevika yapetokvttopa (Pace, 2006).
Yxomdg MTOV VO OMOKAEIGOLUE TNV TEPIMTOOTN TO YOUETOKVTTOPO Vo, glvol
evepyomomuéva, Kabag yvopilovpe 0T 1 evepyomoinon odnyel e ahlayég 6to TpoPil
éxppaong (Ngwa, 2013). Télog, anopovarbnke o RNA and ta detyparo kot 6tdAdnke
oToVG cuvepyates pog oto Ivotitovto Max Planck oto Bepoiivo yia ta meipduata pe
HKPOGVGTOLYiES. ZVVOTTIKG, £ytve 1| petatpont] o€ CDNA, 1 ofjpavon pe dlopopeTikes
eBopilovoec ypwaotiég (dual colour labeling), n vBpidomoinon pe T1g pikpocvoTOLYies
Kot TEAOG 1 AvVOAVOT) TNG EIKOVOG TOV OMOTEAEGLOTOS OVTMG DOTE VO EVIOTIGTOVV TOL
YoVidlo 1oV TaPOLGLALOLY OPOPE GTNV EKOPUGCT] OTO LETOALAYLOTA GE GYECT LE TO

aypiov TOTOL TOPACITA.

Ot wkpoovotoyieg OwBéTovy  AAANAO-EMKAALTOMNEVEG — OAANAOVYiEG
avaQOPAG OV GTO GUVOAO TOLG OVTITPOGMOTELOVY OAOKANPO TO YOVISI®UO TOV
P.berghei. Etot, Y10 kG0g yovidio cuvovalovtaon ot Tiég ommd SlapopeTikég oAAnAovyieg
avaQopds Yo Vo TPocdloploTel 10 eminedo Ek@paocns. O TpdTOg, AoV, EAEYYOC TV
amotelecudtov €ywve o€ eminedo aAAnAovyldv avagopdc. To amotedécpoto
TapoLGIALovToL HE dlaypappaTo dloTopds oty ewova 5.1, émov yivetar chykpion
TOV EVTAcEOV a0 TIC PO0pilovses YpOoTIKES Yo KABe aAAnAovyia avapopds HeTaED
TOV aypiov TOTOL mapacitev kot Tov act2(-) | tov CDPKA4(-) napacitwv. Kot ota 600
SyPAUUOTO, Ol TEPLGGOTEPES aAANAovyieg avapopds PBpiockovtal Katd pKog TOv
dlydviov a&ova, evoelkTiKd yio v axpifeto oty avaivon. Iepinov 10 30% TV
AAANAOVYLOV OVaLPOPAS ELPAVICOVV O10pOPA Kot GTO VO UETAALAYLOTO GE GYECT LE
Ta aypiov tomov mapdota. EmmAéov, o Adyog avdpeso oTic aAANAOLYIES avVaPOpPag
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7oL Tapovolalovy Betikh kot apvntiky pvduon sivar 1,1 xor 0,89 yio to CDPK4(-)

Ko To, act2(-) mapdotta avticTolya.

WTVS act2(-) WTVS CDPKA(-) —
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a4
6l A /
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Logl0(intensity WT) Log10(intensity WT)

Ewovo 5.1. Ipogik yovidrwokng ékepaong To omoteléopoto mapovctaloviol pe Oy POt
domopdc, OOV YiveTal GUYKPLOT TV EVTAcE®V amd T PBopilovoes xpwoTiké Yo kébe aAiniovyio
avoeopdg peta&d Tmv aypiov tHnov mapacitwv kat twv act2(-) (apotepd) N twv CDPKA(-) napacitwv
(0e&utr). Mmhe: aiiniovyles ava@opdc mov dev Tapovclalovy OAAOYY OTO KETOAAGYUOTO, YKPU
aAAnlovyieg ava@opdag mov £XovV SoPOPETIKO TPoPih ota petoddypota (Signatures), mpdaoivo:
aAAnAovyiec avaopdg pe apvnTikn puduion, KOKKIvVo: aAiniovyieg avagopdg pe Betikny pvduion. O
apBUOG TOV AAANAOVYIOV ovaopdg Yo ke katnyopia avaypdeetot de&id.

A&E10A0ynon towv wewoudtov ue wixpoovororyiec ue gRT-PCR

H a&ioAdynon tov anoteAeopdTmv amd To TEPAUITO e LIKPOGVOTOLYIES £YIVE
He oAVodmTN avTidpacn moAvpepdong mpoyuatikod ypdvov (quantitative real time
RT-PCR) anopovamvovtog RNA a6 act2(-) kaou CDPKA4(-) yapetokvttapa. Emdé€ape
néVTE Yoviola mov £xet detyBel OTL EYoVV KPIGYOVS POALOVS KATA TNV YUUETOYEVEST] KoL
avtd civar o €€nfc: nap (PBANKA _081990), mdvl (PBANKA 143220), gest
(PBANKA_131270), map2 (PBANKA_093370) kou cdpk4d (PBANKA 061520). Ot
aAlayEG ota emimedo YoVIOlakng Ekepacns peta&y aypiov tomov kot act2(-) mtapacitmv
nov mpokvrTovy and v qRT-PCR vroloyiCovton pe faon 1o pabnuatikd povtéro
oyeTikng mocotikomoinong tov Pfaffl (Pfaffl, 2001). Ta arotedéopato tapoveidlovtat
oTO SLOYPAUUOTO TNG EIKOVOS 5.2 G TYES GYETIKNG EKQPOOTG Yoo KABE Yovidlo ota
act2(-) oe oxéon pe To aypiov THTOL TOPAGITO. ZVYKPIVOVTOG TO OTOTEAEGLOTO OO
mv gRT-PCR pe ta amotedéopata amd T TEWPEUATE LUKPOGVGTOLYLDOV Y10 CLTE TOL
yoviola, TapatnpoVUE TaPOUOLN TPOPIA YOVIOLONKNG EKPPOCTG Y10 TO TEGGEPA OO TO
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névte emieypéva yovidwa. Ta yovidia nap kot gest Exovv peimon ota eninedo EKPpacng
oto. act2(-) mopdoito Kot pHE TIC OVO  OPOPETIKEG TEPAUOTIKEG UeBOS0VC
TOCOTIKOTOINONG, OTTmG Kot Ta, yovidle mdv-1 kor cdpk4, ta omoio dpwg epgavilovv
avénon ota emineda Exppoaons. To petaypapikd eminedo TOL Yovidiov Mmap2
gpeavifetar ehappdg peiwpévo ota act2(-) mapdoito 6g oyéon e T aypiov TOTOV,

otav avtd petpndnke pe qRT-PCR, evd to amoteléopoto amd TIG WKPOGLGTOLYIES

delyvouv o pkpn avénon.

— 1
S 3 microarray
2 ni I_I |'| Bl real-time
c
S 0. .
E, ’
g
.
2
ke
Q
e ol o A 2 b 1%
& «@b ge’ (PQ‘- @@Q

Ewova 5.2. A&loroynoen TV 0woTEAECPATOV 06 TO TEPAROTO PE piKkpocsvoTovyics pe JRT-PCR.
Y10 Subypoppa, 0o Y GEovag ovpPorilet Tig Tywéc oyeTiknG kppaong Yo kGbe yovido ota act2(-) og
oyxéon pe ta aypiov tHmov mapdoita and Tic dvo pebddovg. Ta yovidia mov emhéyBnkav eivat. nap
(nucleosome assembly protein) (n = 4), mdvl (male development gene 1) (n = 6), gest (gamete egress
and sporozoite traversal) (n = 4), cdpk4 (calcium dependent protein kKinase 4) (n = 1) xou map2 (mitogen
activated protein kinase 2) (n = 3).

Tovtomoinon kou yoapoKINPIoUOC TWY YOVIOLWY UE OLOPYOPETIKC, ETITEOO. EKQPACHC OTO,

act2(-) kar CDPKA(-) yaustoxdrrapa

Mo v cveTHOTIKY OVAADOT TOV OTOTEAECUAT®V amd TIS UIKPOGVGTOUYIEG
YOVISI®V €yve €QOPUOYN TPLOV GIATP®V oTa Yovidla, £T61 AGTE VA TEPLOPICOVLE TOV
apBud Tovg Kot vo dtevkoivvoope v perétn tovg. H ewkdva 5.3A pag delyvetr tov
aplOpd TOV EVOTOUEIVAVT®OV YOVIOI®V HETA amd TNV €QApLOYN KAOE GIATPOL KOt Y10, TIC
VO TEPIMTOCELS TOV UETOAAAYUEVOV TTapacitov. Me to mpdto @iltpo emdé€ape Ta

yovidwa ota omoia 1 EkEPooT €ival TOLAGYIGTOV dVO POPES UIKPOTEPN 1 HEYOADTEPT
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amo tao aypiov TumoL Tapdoita. Me to 0e0TEPO QiIATPO eMAEENLLE YOoVidla oTa omoia Ta
amoteréopato givar ototiotikd onuavtikd (P-values <0.01). Me 1o tpito ¢iltpo
amokAgicaE Yovidl Tov GLUUETEYOVY oty obvOeon pifocopdtov kot tRNA ko
yovidwa Tov avikovv otnv owoyévela BIR (P.berghei interspersed repeats), kofdg o
apBuoc Tovg ivar apketd peydrog, kétt mov Bo mepiémieke v avaivon. Me v
EQOPUOYN TV GIATPp®V Epevay cuvoAlka 411 kou 386 yovidia o kéBe Pdon dedopévmv
act2(-) kou CDPKA4(-) petardaypdtov aviictoryo. Metd v aeaipgon 198 yovidimv
7oV &tvar Kowd Kot oTig dvo Pacelg dedopévav, Euevay GUVOAIKA 599 yovidia mov
enpaviCouv daeopd oty £KPpacn Kot 6Ta 000 HETAALAYULOTO GE GYECT] LE TO 0y plov

TUTOV TTAPAGLTOL.

act2(-)

) p .t\‘ .\\\
N 973\, F N O 411

| act2(-)vs WT Up-regulated genes
[} act2(-)vs WT Down-regulated genes

Il | CDPK4(-)vs WT Up-regulated genes
IV | CDPK4(-)vs WT Down-regulated genes
\'4 common Down-regulated genes

. VI | common  Up-regulatedgenes

Ewova 5.3. Avaioon Tov yovidiov pe 010Qopetiki EkQpact). A. DOTpapiopa TV amoTEAESUATOV.
Y10 dbypappa pong amewoviletal o apBpog twv yovidiov ota act2(-) (pof) kot CDPKA(-) (kitpvo)
petd v epappoyn kabe @iltpov. Diktpo 1: emiéape ta yovidlo oto omoio 1 €k@poor gival
TOVAGYIOTOV 600 POPEG UIKPOTEPT 1 HEYaADTePT atd T aypiov tomov mopdotta (fold change >= |2)).
®iktpo 2: emhéEaypie yovidia ota omoia Ta omoteléopota sivar otatiotikd onpovtikd (P-values <= 0.01).
diktpo 3: amoxdeicople Yovidia Tov GUUUIETEXOVY 6TV 6VVOes piocmpdtmv kat tRNA kot yovidia mov
avikovv otnv owoyévelo BIR (P.berghei interspersed repeats). B. TOykpion tov mpo@il yovidiokng
€kppaons Heta&d Tov dvo petaldaypdtov. To yovidia opyavdvoviol g évo ddypape Tomov Venn
mov anoteleital omd &L opddeg (mivakag 0e€d), ol omoieg avaypdeovtal pe ATvViKO VOOUEPO Kol
ameovifovtatl e S10pOPETIKO YPDLLOL.

v cvvéyeta ta 599 yovidila mov EUEVOV Kot TANPOVV TO TAPUTAVED KPLTHPLO

yopilovior og €E1 SPOPETIKEG ORAOES OV Paivovtal o€ £vo Oldypappo TvTov Venn
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otV ewova 5.3B. Ztnv mpdn opdda £yovpe yovidla mov gpeaviCovv Betikn phOpuon
(upregulated genes) ota act2(-) yaperokvtropa, 6Ty 0e0TEPT OpAda givatl yovidia Tov
enpaviCouv apvnrikn puduion (downregulated genes) ota act2(-) yopetokvttapa, 6Tny
Tpitn Kot Tétaptr opdda givor yovidwa pe Betikn Kot apvntikny puduion avtictotyo 6to
CDPKA4(-), evd omv méumtn kot Kt opddo givol kowvd yovidto, petald tov 600
petoAdaypdTov, pe apvntikn kot Oetikn pvOuion avrtiotoryo. Avti 1 avdivon tov
OOTELECUAT®V OMOKAAVTTEL EVAV SNUAVTIKO aptOpd Kotvev yovidiwv pe Betikn Kot
apvnNTIKn pOOION KOl 6TA VO UETOAANY LATO, TOV TOAVOV VO OQEIAETOL GTNV TOOOT
™™g avantuéng mpwv Eekvnoet N yopetoyéveon. 115 yovidwa £xovv Betikn pOOuon ko
oto 000 HETOAAGypaTa, avtavakAdvtog to 52% kot 44% twv yovidliov pe Betikn
pvBuion oto act2(-) ko to CDPKA4(-) avtiotorya. Evd 83 yovidia £xovv Oetikn pvOuion
Kol 6To OV0 HETOAAGypata, aviavakimvtog o 43,5% kot 67,5% tov yovidiov pe
Betikn pvOon oto act2(-) kot to CDPKA4(-) avtictoyo. Xto act2(-) petodhayuéva
napactta, 105 ko 108 yovidra epgoavilovv amokAeloTikd 0TIk Kot apvnTikny poouon
avtiotoyo kot oyt oto. CDPKA4(-). Xta. CDPKA4(-), 148 xou 40 yovidio gpgoviovv
OMOKAEIOTIKA OeTikn kot opvnTikny pvbuion avtiotorya. Avtd to yovidia 10mG

OVTOVOKAODY TNV O10PpOPA TOV VTTAPYEL GTOV POVOTLTO TMV 0VO UETOAANYUATMOV.

["o vo pedetnoovpe mepattépm Kot Ta 599 yovidia mov moapovsidlovv dtopopd
oTNV €KEPOON KOl GTO 0V0 UETOAAAYLOTA, YPCLOTOMCOUE TIG TANPOPOPIES TOV
divovtaw amd v yovidiwpotik Paon dedopévov tov Plasmodium (PlasmoDB)
(Aurrecoechea, 2009). ITAinpogopieg oxetikd pe TNV KutTapikn dtadikacio (annotated
GO process) otnv omoio. GLUUETEXOLV Ta YOVIOLOKE TTPoidvTa Mtav dtabéoipeg yio
nepinov 10 29% TtV yovidlov autig NG KEAETNG, GLYKPLTIKA e TNV avOaAvon
OAOKAT POV TOL YOVIOLOUATOG, GTNV omoid Yy T0 56% OAwv TV yovidiwv vrdpyovv
minpoeopieg (Otto, 2014). T'w to vwoérowmo 71% tov yovidiov kot oto 60O
pETaALAyOTO, OV LIAPYOLY KABOAOL TANPOQEOPIES, YEYOVOG OV OVTOVOKAL TNV

EMEWYN YVAOGEDV Y10, TOALAL OO TOL YOVIOLH TOV VITAPYOLY GTA TOPAGITO THG EAOVOGTLNG,.

IMa ta yovidia avthg ™¢ HEAETNG, TOV Eival YVOOTH 1 KLTTAPIKY dtodikociol,
Bpénkav ocvvolkd 101 dwapopetikol Opot mov yapoaknpilovy TIG KLTTOPIKES

dwdikacieg otig onoieg cvppetéyovv. ‘Etot, 6éhoviag va amAovotehoovpe avtd To
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amoteléopata, £ywve ovalnTnon KooV TPOYOVIKAOV Op®V GTNV OVTOAOYi Yovidimv
(Gene Ontology, GO) ywo tovg 101 drapopetikodg dpovg mov Ppédnkav apyikd. Ta
yovidwa opyovambnkov oe evvéa SPOPETIKES TAEELS COUPMVO, LLE TOVG TPOYOVIKOVG
opovg: 1) o&edmavaymyués dtadikaoies, 2) opotdoTao, 3) 0pyIvMGT TOV KVTTUPIKMOV
otolyelmv, 4) andkpion e GNHOTA, 5) HETAPOPA, 6) YOVIOLOKT EKPPAGCT), 7) OLOIKOGIES
OTOV HETAPOAICUO TPOTEIVOV, 8) HETAPOAKES O1U0IKAGIESG TOV CLUUETEXOVV GTOLXEL
TOV TTEPLEYOVV VOVKAEOTIOW, 9) dAleC Sradikacieg. XtV cuvéyela o€ KAOe o amd Tig
¢€1 opddeg yovidimv mov mapovslioTnkay oto ddypappo tomov Venn, ta yovidia
ta&wvounnkav pe PBaon tic evvid drapopetikésg tasels. Kot ota 600 petadidypoto
Bpébnke OtTL O TEPloCOTEPO Yovidl oL €yovv OeTikny pLOUION elvan otV TAEN
«Oradkoocieg otov petafolopd TpoOTeEivavy (elkdva 5.4A). Avtibeta, Ta TEPIGGOTEPQ
yovida Tov £0VV aPVNTIKY PUOUICT OVIKOLV OTIG TAEELS «YOVIOLOKY] £KQOPOCT» KOt
«uetapopd» (eikdva 5.4B). Ta yovidia mov €xovv apvntikn pHOULIOT Kot eivol yvooT)
N KuTTOpIKy dadikacio givar mepiocdtepa 010 act2(-) oe oyéon pe 1o CDPKA4(-)
petdAlaypo. Opwg owtd iowg vo avtavakid 1o yeyovog 6Tt 40 povo yovidw pe

apvntikn puduion Ppébnkav oto CDPKA4(-) evd oto act2(-) Bpédnkav 108 .

AxoArovOnce N TaEvopmon v yovidiov pe Bdor To KuTtapikd oTotyelo mov
Bpicketar To yovidtako mpoiov (annotated GO component). T'a To 80% tov yovidimv
™G TapoVGOG LEAETNG T 1| TANpogopia eivar dyvmotn. EA&yyovtog Ta yovidia yia
ta. omoia ivor oraBéotun ot N TAnpoeopia BpédnKayv cuvoikd 46 drapopeTikol Opot.
AvolntdvTtag Toug TPoyovikoOs OPOLS GTNV OVTOAOYio Yovidimv, Ta yovidio TeAKd
ta&wvounnkav otig e€ng évreka tééeic: 1) pepPpdveg, 2) evéokvtrapikd, 3) Topnvag,
4) wuttopOTAacU, S5)  KLTTOPOMAGGUO, Kol  Topnvag, 6)  proyovoplo, 7)
EVOOTANCUATIKO dikTVLO, 8) TpmTedomua, 9) pikpoocwAnviokol, 10) ypopdcoua, 11)
dAAa KutTopikd ototyeio. Kot dd ta yovidia o€ kdBe opdado Tov d1arypapatog THTO
Venn to&voundnkay pe Baon tig mapandve taéers. Enedn poévo yua to 20% omd 1o
oOUVOAO TV 7Yovidiov &lval yvooty ovt| 1 TAnpoeopio, otV €KOVO Ogv
nmopovotdlovtal Oheg ot Taéelc. Kot ota 00 PHETOALAY 0T, TO TEPIGGATEPO YOVIOLOL [UE
OeTikn pOOON AALGL KO TOL TEPLGGOTEPQ YOVIOln Le apvnTiky pvOuion (swova 5.4C

kot D avtictolya), aviikouv oty t4En TV «pepfpavavy. Na onuetmdel 6Tt kot £6®
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To yovidlo pe apvnTikn pvbuion eivor mepiocodtepa oto act2(-) oe oyéom pe to

CDPKA4(-) petdAroypa.
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Ewova 5.4. To&vounon tov yovidiov pe o10@opeTiki Ek@paon pe fdon v ovroloyia yovidiov
(Gene Ontology, GO). A,B. Opydvoon towv yovidiov cg 9 dapopetikég TAEelg, Yo o omoio gival
YVOOTH 1 KUTTAPIKY O10d1Kacion 6Ty 0moio. GCUUUETEXOVV TO. YOVIOLOKA Ttpoidvta tovg. H ta&ivounon
€ywve og Kabe opdda tov draypapparog Venn. Mme: yovidio mov Bpébnkav Kot ota 600 PeETAAAAYLOTA,
Tpaowvo: yovidio mov Ppédnkav anokAeiotikd oto act2(-), kéxkwvo: yovidia mov Bpidnkayv amokAEIoTIKA
o010 CDPKA4(-). A. Tovidwa pe Oetikry pOOuon. B. Tovidia pe apvntikh poBuion. C,D. Opydvoon twv
yovidiov oe 11 dapopetikés TAEEIS, Yoo T0. OToil0 €IVl YVOGTO TO KLTTOPIKO OTOWEID OTO OToio
Bplokovtat ta yovidiakd mpoidvta tovg. H ta&vopunon €ywve oe kdbe opdda tov daypdppatog Venn.
Mme: yovidw mov Ppébnkav kot ota d¥0 peTaAAdypaTa, TPAcIvo: Yovidia mov Ppédnikay anokieloTikd
610 act2(-), koxkwo: yovidio wov Ppebnkav amoxielotikd oto CDPK4(-). Enedn puovo ywa to 20% amd
TO GUVOAO T®V YOVISiV glval yv@GTN ovTh 1 TANPOopid, oTa SorypAULLaTe eV TAPOVGIAiovTaL OAEG
ot té&elg. C. Tovidwo pe Betikr pHOuomn. D. Tovidw pe apvntikn poduion. Na onuetmbei 6Tt ) khipoka
dpépet LETOED TV SoypappdTmY.
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Bioloyikéc Asitovpyisc twv yovidiwy ue apvntiky poBuion

[MopdAinio TporypotomomOnKe Kot 6To 000 LETOAAGYLUOTO L0 IO AETTOUEPNS
avéAvon ota S0 TpdTa Yoviola pe LEYOADTEPT LElON OTNV £KPPACT) OE OYECT UE TO
aypiov tOmov mapdotta. Onwg Ntav avopevopevo, to cdpkd frav avtd pe v
ueyadvtepn peimon ota CDPK4(-) mapdotta, omote ko e&opébnke amd v avaivon.
Ta 50 Ttpota yovidia oe kdbe petdliayua yoplommkay og Tpelg Katnyopieg: 1) yovidla
mov Ppédnkav ota 50 TpdTa Ko 6ta 6000 petaArdypato (24 yovidww), 2) yovidlo mov
dev Bpébnkav ota 50 TpdTo 6TO deVTEPO HETAALAYLO OAAG PBpickoviol YEVIKG oTNV
Mota TV yovidimv pe apyntiky pvouion oto devtepo petdAroypa (11 oto act2(-) ko
13 oto CDPK4(-)), 3) yovidia mov dev Ppédnkov Kabolov oto yovidia pe opvnTiKn
pvBuion oto devtepo petdrdaypo (15 oto act2(-) kou 13 oto CDPKA4(-)). Zuvolika

Aouov Bpédnkav 76 yovidio Kot amd to SVO HETOAAGYLOTOL.

Yvykpivovtog Tic Tnég oyetikn ékeppaong (fold of change) peta&d twv dvo
UETOAAOY LATOV YLl TOL YOVIOLDL LE OPVNTIKY PUOUIGT TOL AVIIKOLV GTIG OVO TTPMTEG
Katnyopieg, dev Ppébnke kdamowo oxéon aviapeco oto PeTaAAdypaTo. Avtd MTav
Wwitepa ELPAVESG YO TOL YOVIOLO TTOL €LYV TIC LEYUADTEPES TILES GYETIKNG EKPPOUCTC
(ewova 5.5A). EmumAéov, €ywve talivounon kabe yovidiov pe Pdon 1o 6tdd0 TOL
KOokAov Cong mov epgoaviel peyaAvtepn EKEPOGCT, COUP®VO HE OEdOUEVE TOV
vrapyovv amd aainiovyion RNA (RNAseq data) (Otto, 2014). T'a 64 and ta yovidwo
vpyav dwbéciueg mAnpogopies. Ta yovidw ta&voundnkay yuo ta NG otdoo ToV
Kokhov Cong ota omoio €yer yiver M aAAniovyion RNA: otddoo daktvAriov,
Tpo@olmidia, oyilovtes, YOUETOKOTTOPA Kol WOKIVETES. 26 OMOTELEGUO TPOKVTTEL OTL
10 75% TV vd pedétn yovidiov epeavifovv pHeyaAdtepn EKOPACT GTO U1 QUAETIKA

otada (ewdva 5.5C).

108



15n e
L]
\-§'_-10- -
S
[ )
O
-5 “q" .
e of
0 T
0 -5 -10 15
act2(-)

W gametocytes m Gametocytes

W ookinetes m Ookinetes
W ring stages ® Ring stage
@ trophozoites Trophozoite

O schizonts Schizont

Ewova 5.5. Avéiven yonidiov pe peyorvtepn dwo@opd oty ék@paon og oxéon pe 1o WT. A,B.
Toykpion tov Twdv oxetikng ékepaong (fold of change) peta&d tov act2(-) xar CDPK4(-). A. 35
yovidi pe opvnTikry pvduion mov Ppickovtor kKot ota dvo petoAldypoata. B. 42 yovidio pe Betikn
pvBuion Tov Ppickovtar Kot ota dvo petodraypata. C, D. Ta&wvounon yovidiov pe pdon ta 6tadio tov
KkOKAoL {ong ota omoia Exet yivel | aAAniotyion RNA. C T'ovidia pe apvntikn pubuien (64/76 yovidia).
D. Tovidwa pe Bgticn pvBuion (85/85 yovidia).

2V ovvéyela £yve avalntnon ya tig frodoyikég Asttovpyieg o€ KGO yovidlo
and v Paon dedopévev Tov Plasmodium (PlasmoDB) (Aurrecoechea, 2009). Ano to
ocbvoAo TV 76 yovidiov pe apvnTikn pvOuion, tao 26 yovidlo KmIKOTOL0HV
CLVTNPNUEVES TTPOTEIVEG OyVAGTOL Agttovpyiag, 10 yovidia kmdKomolodv ayvdcTov
Aertovpyiog mpwteiveg mov e&dyovior omd TO KOTTOPO Kol 3 yovidww divouv
anpocolopiota mpoidvta. Ta vrdiouwra 37 yovidia opadomombnkay GOUE®VO LE TNV
Aertovpyio e Tpmteivng mov kmdikomolovy (Andreadaki, 2015 table S1). Aéka yovidia
mlavév  ooppetéyovy oTlg dadikacieg ovadimiwong DNA, oynupatiocpod g
YPOUATIVIG KOl OVTLYpaONG, UETAYPUQNS, HeTappaons. Tpia yovidio KmoKomolovv
TPOTEIVEC-UETAPOPELS Kot EVaL YOVIOL0 KMOKOTOLEL Y10 TPOIOV OV GUUUETEYEL GTNV
petapopd kvotwdinv. Emmiéov déka évivpa copunepthappavovtal, d0o amd to omoia
givol amapaitnta yo Ty odvheon «aykvpacy yivkolmdiov (GPI anchor). T 8
yovidwa €xet yivel emTuydS KOTAoTPOPN Tovg. Opmg ywo 7 amd avtd dgv €xovv
avaeepBel pavotumotl ota eLAETIKA otddw. H Katactpopr) Tov opBdrioyov yovidiov

oto P.yoelii tov yovidioo PBANKA 136010 mov kmdikomolel Tov peTAPOPEQ
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vovkieoowiov 1 (Nucleoside Transporter 1, NT1) gpeaviCer TpofAnuo oty ekBoin
TOV APoEVIKOV youetdv amd to mapdotto (exflagellation). Avagépetar dti vdpyet
KOO0 ¥POVIKY] KaBLGTEPTON KOl TO OPGEVIKA TOPOGITA TOV OAOKANP®VOLY TNV
Jwdkacio givar Ayotepa. Opwmg o 0gdopéva OVTOV TOV  TEPOUATOV  OEV

nopovolalovtol 6to dnuoctevpévo dpbpo (Aly, 2010).

And Vv mopoamdveo avalntnon Ppédnkav 13 yovidia mov evromilovrat
OTOKAEIOTIKA oTO Topdotlta TG eAovociag. Amd avtd Eexywpioape tpia yovidia mov
aviKovuv otnv pkpn owkoyévela twv MSP7-like mpoteivov. H MSP7 egivar pia
TPOTEIVN 6NV empdaveln tov pepolmdimv (Merozoite Surface Protein, MSP), n onoia.
pecolafet yroo v TpdTN AAANAETIOpAOT OV £XEL TO TAPAGLITO LE TO EPLOPOKVTTAPO.
>¥to P.berghei 1o yovidio msp7 poali pe ta yovidia msrpl xor msrp2 (MSP7-like)
OmOTEAODV oL HIKPY] OlKoyévewn yovidimv mov Ppickoviar otov 1010 TOTO GTO
yovidiopo (Mello, 2004). Kot ta tpion avtd yovidio Bpébnkav va €xovv apvntiky
pOOoN Kot oto 000 PETOALGYHOTO TG TOPOVCOS HEAETNG (TIUEG GYETIKNG EKOPOUONC
oto act2(-): -4.21, -3.54, -6.19 avtiotoyo ko oto CDPK4(-): -4.56, -2.03, -9.32
avtiotoyya). Eva dAlo yovidio mov emiong PpéOnke va €xel apvntikn pvduon pe
pHeyOAn dwpopd kol oto dVO UETOAAAYUOTO O©E OY€om HE TO Ooypiov TUTOL
yopetokvTTopa €ivar to yovidlo Beropedolivng trx2 (TYég oYeTIKNG £KPPOONS GTO
act2(-):-9.71 xon oto CDPKA4(-): -5.08). Erainbeboape v apvntikn pvduion mov
eneaviCel o trx2 kot To MSrP2 oto TEPAUATO LE TIG PIKPOSVOTOtlyieg kavovtag gRT-
PCR ovykpivovtog ta act2(-) pe aypiov tomov yapetokvttapa. H ékppaon tov trx2
Bpénke va givon 4,3 popéc pikpodtepn omd ta aypiov TOTOL Kot 1 EKPPAGT TOL MSIP2
Bpédnke va givan 6.7 opég pikpotept). ATO TPoNyoOUEVES LEAETEG TTOV £XOLV YiVEL G
napdotto wov dev ekppalovv v MSP7 7 v TRX2 gaivetat 6Tt ovtd To0 Topdcita
EYOUV YOUNAO pLOUO aVATTTLENG TOV U1 PLAETIK®OV oTAdi®V 6TA TOVTiK, OAAG dev
€0TdlOVV GTO AV OVTEG Ol TPMTEIVEG EYOVV KATOO0 POAO GTO EMOUEVO GTAOLO TOV
KOKAov Cong (Matz, 2013, Tewari, 2005). I'a va eléyEovpe €dv 1 apyntikn pvOuon
aUTOV TV Yovwiov oto 000 petaAAdypoto oyetiletor pe MV woOom NG
yopeToyéveong emekteivape v peAétn poc. ‘Eywve Aowdv @avotumiky] aviivon
Topacitov mov anovctdalel To yovidlo trx2 (trx2) ko mopacitov mov £yl yivel

TopAAANAO amaAOLP Kol TV TPLOV yovidiov msp7, msrpl,msrp2 (Atriplemsp7). Ta
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tpia yovidww msp7, msrpl,msrp2 Bpickovtor 1o éva dimia 6T0 GAAO GTO YPOUOCHLLOL
13. Mg opdAoyo avacLVOLAGHO, GTOXEVOVTOS TIG TEPLOYES AVOOIKA Tov MSKPl Ko
KaBodued Tov MSrp2, kot To TPion yovidl OvVTIKOTOOTAOMKOV HE Lo KOGETO
avOektikoTog otnv mupuedapivn (Andreadaki, 2015 ewdva S1). No onpeimbei otu
T trX2" mapdoito pog yopnynOnkav omd v cvvepyoalouevn opddo  TOv
K.Matuschewski kot to Atriplemsp7 mopdotta and v ocvvepyoalopevn oudda tng
R.Tewari. Qg delypo eEléyyov ypnoyomombnkay ta avtictoryo oypiov THTOL TOPACLTO
070 OOl £YIVE O HETACYNUATIGHOG Kot dnptovpyndnkay ta dVo petaAldypata, trx2:
ko Atriplemsp7, ANKA kot napdoita mov exkepdlovv GFP, avtiotorya. Apywkd éyve
éleyyog TG yauetoyéveong tov apoevikav (exflagellation). Aev BpéOnkav dropopéc
Heta&d TV HeTaALAYUEVOV Kal TV aypiov TOTOL mopacitwv (sewova 5.6A). 'Enetta,
eréyCape Ta emopevo otdola Tov KOKAoL (mng oto kovvovml. Ouwe, dev Ppédnkav
SLPOPEG, OVTE GTNV LETATPONN O WOKIVETEC, OVTE GTOV UPLOUO MOKVOTAOV HETA OO
téiopa o€ kovvouTia (ewova 5.6B,C). EmimAéov, Ta petodldaypéva Tapdoito Tepacove
0€ VY1 TOVTIKIOL UE TO TOIUMNUO TOV KOVVOVTLAOV. XTO GOVOAO TOVG, TO OTOTELECLOTO
avTd pag oeiyvouv ATl aVTEG 01 TPMTEIVEG OV £YOVV KAmOoln Kpioun Aettovpyia otV

YOUETOYEVEST] KO GTO, GTAALOL TOV TTOPUGITOL GTO KOVVOLTIL.
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Ewova 5.6. @arwvotvmikn availven tov trx2 ko Atriplemsp? peradroypdtov. Lo dSwoypdppata g
gikdvog yiveror ovykpion tov trx2” (roptokaii) e WT (pol) mopdotta ko tov Atriplemsp7 (npdoivo)
pe WT-GFP (yaAdalio) mopdotta. A. M€6og 6pog TV 0PGEVIKMOY TOL OAOKAPOVOLV TNV YOLETOYEVEST|
(exflagellation) avd ontikd medio. WT (n=5), trx2-, (n=14), WT-GFP (n=7), Atriplemsp7 (n=21). B.
IMocootd petorponfic og wokwéreg. WT (n=2), trx2- (n=3), WT-GFP (n=2), 4triplemsp7 (n=3). C.
Métpnon wokvotdv pe avocopBopiopd (Cap380) petd 1o thiopa A. gambiae kovvovmidv pe
polvouéve movtikio and kabe otéleyoc. WT (n=2), trx2- (n=2), WT-GFP (n=3), Atriplemsp7 (n=3).
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Bioloyikéc Asitovpyisc twv yovidiwy ue Gstikn poQuion

Onwc ota yovidla pe apvnTikn puOo, £T61 Kot 6to yoviola pe 0tk pvbuon
&ytve mopopoto avaivon yo Tig Prodoyikég Asttovpyieg Tov S0 TpOTOV Yovidimv e
HEYOADTEPN avENCT OTNV EKPPACT GE OYECON We Ta aypiov TOmoL Tapdotta. Ta 50
TpmTO Yovidla og Kabe petdAlaypo yopiotkov og Tpelg katnyopieg: 1) yovidia mov
Bpédnkav ota 50 mpota kot oto dvo petaArdypato (15 yovidia), 2) yovidia mov dev
Bpédnkav ota 50 Tpdta 610 deVTEPO pETAAAAYA AL BpiokovTol YeEVIKA otV Mota
TV yovidiov pe Oetikn pvBuion oto devtepo petdArayua (17 oto act2(-) kot 10 oto
CDPK4(-)), 3) yovidia mov dev Bpébnkav kaboAov ota yovidwn pe Oetikn pvbuion oto
devtepo petdhiaypo (18 oto act2(-) xor 25 oto CDPKA4(-)). Xvvolkd Aouwdv

Bpédnkav 85 yovidia kot omd o SVO PLETOAAALYLOTAL.

Yvykpivovtog Tig Tipég oyetikn ékepaocng (fold of change) peta&d tov dbo
HETOAAOYLATOV YloL TOL YOVIOlOL LE OpVNTIKY POUOUIGT TTOL AVIIKOUV GTIG dVO TPMTEG
Katnyopieg, ELPaviCeToN KATOL0 GLGYETION AVALESH 0T LETOAAOYLaTO (E1KOVaL 5.5B).
To yeyovog avtd pog deiyvel 6Tt mBavov vo vdpyetl o kown Ekfaocn kot ota 500
petoAAGypata. QoTdG0 VITAPYOLY APKETA YOViIdla Tov BpioKOVTOL OTOKAEIGTIKG GE £Vl
and ta dVO pPETOAAAYHATO, OEiyvovTag OTL LIAPYOVV KOl OHOLOTNTEG KOl OL0POPES
peta&d tv 600 PETOAAAYUATOV, KATL TOL OV €lval U avapevopevo kabmg 1 mwadon
OTNV YOUETOYEVEST KOL GTO OVO0 UETAAAAYLATO £XEL SLPOPETIKO PatvoTumo. EmumAéov,
&ywve ta&vounon kdbe yovidiov pe Pdomn to otdolo tov KOKAOL (mNg mov epgoavilet
HEYOADTEPN £KPPOACT], COLP®VO HE OEOOUEVA TTOV VTTAPYOLY amd aAiniovyion RNA
(RNAseq data) (Otto, 2014). T'a meprocdTepa amd To LGE Yovidia, 1 KopOHO®OT NG
EKQPOOTG EVTOTILETOL GTO GTAOI0 TOV YOUETOKVTTAP®V KOl TOV MOKIVETMV G 0vTifeom

LE Ta. YOVidla Tov £yovv apvnTikn pvouion (swova 5.5D).

Amo t0 ovvoro TV 85 yovidiwv, yia ta 42 yovidla VIAPYOLY TANPOPOPIES
OYETIKOL pe TNV Aetovpyiot TV YOVIOLOK®V TPoidvI®mV, &vd To vrwoAowma 43
KOOIKOTOL0VV TPAOTEIVEG e AyvawoTes Aettovpyies. Ta 42 yovidia opadomomOnkay pe
Baom v Aettovpyio TV Tpoteivedv mov kodikorotovv (Andreadaki, 2015 table S5).
"E&L yovidwaxkd mpoidvta, GUUUETEYOLV GTNV OVASITAMGT KOl TNV OTOIKOOOUNOT) TOV
TPOTEIVOV, TPELS TPOTEIVEG TIOUVOV GUUUETEXOVV GTNV OTOTKOOOUN O TOV TPMTEIVOV
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Omd TO TPWOTEACMLLO, KOt (ol Eivon comepovn. Avti 1 opdoa TpoTEIVOV 16m¢ va Toilet
POAO OTNV TOPATETOUEVT] OVASIOPYAVMOOCT] TOV KLTTAPOL TOV YiveTol KATO TOV
LETOCYNUOTIGUO TOV YOUETOKLTTAP®V o€ Luymtod kot petd oe wokwern. Emiong,
Bpétnkav yovidia mov kwdKomolovy 600 TOTOICoUEPEGES TOL {oWG £XoVV POLO KOTA
TIC WTOTIKEG dtopécelc mov ovuPaivovv otnv yauetoyéveon. Xto CDPK4(-)
HETAALOY O, TO YOVIOl0 TTOL K®OKOMOLEl TOV pHeETAYpapikd Tapdyovia AP2-G &yxst
Oetikn pvOuon. Kot oto 600 petaAdldypoto vwdpyovv yovidld Tov K®OKOTOOLV
téc0epa EVEDUA KOL L0 TPOTEIVN-UETAPOPENS TOV GYETILOVTAL e TV YAVKOALGN Kot
TOV KOKAO TOV KITPKOL 0£E0C. Avtd {omg va avTavakAd aAlayég oTov HETABOMG O
mov cvpPaivovv otny youetoyéveot). To yovidlo mov epeavifel tTnv peyolvtepn oavénon
oTNV £KQPACN O GYE0N UE T aypiov TUTOL TOPACITA Kol GTO dVO UETUALAYHOTO
koowomotei v N6-adevivo-pebvraon (N6-adenine-specific methylase). Avti 1
TPOTEIVN €Yl KLpimG peletnBel GTOVE TPOKAPVOTIKOVG 0PYAVICUOVS, OOV £YEL POLO
va  pebvaiover 1o DNA, mpoototevovidg 10 €101 Omd  TIG TEPLOPLOTIKEG
evoovovkiedoes. Opmg, emiong, PpiokeTOl KOl GTOVE KOTMTEPOLS EVKOAPLMTIKOVG
OpYOVICHOVG, OTov &xel mpotobel €vag SoeopeTiKOg pOAOG oty puduion TV
aAniemdpdoewv DNA-mpoteivov kot omv mpootacic. tov DNA katd tov
nolandactacud tov (Wion, 2006). EmmAéov vrdpyovv Tpeic mpoTEiveG TOL
Bpickovtal omokAEIGTIKG 0TO TOPAGLTO TG EAOVosiog Kat o oto Apicomplexa. Kot
T0 TE0OEPO YOVIOLO OLTMV TOV TPOTEVOV eKOPAlovTal 6TO YOUETOKVTTAPO 1| TOVG
wokwétee. Emiong, éxovv apvnrikn pubuion oto petdiraypo pog RNA-glkdong
(DOZI) mov mailer poro yia v 1ooppomio Tov MRNA ota OnAvkd yopetokdTTOpA Kot
amovoia ¢ ta {uywtd dev petacynuatiCovion oe wokwéteg (Mair, 2010). e névte
yovidwo €xel yivel emTLY®G OmMAAOPN, OAAL povo otmv mepintwon tov AP-2G
avapEPETOL TPOPANLO OTO PUAETIKA 0TAS0. X& aLTO TO HETAAAAYLA OEV UTOPOVV VL
oynuatioTobv dpipo yapetokvtrapa (Sinha, 2014). Qot6c0 dev givar Egkdbapo ebv 1
avENOT TOV HETAYPAP®V 0VTOL TOL YOVIOI0V £)EL KATOLO EXIOPOCT) GTNV OVATTLEN TOV

YOUETOKVTTAP®OV, OT®G anTh 6To act2(-) petdAioypa.
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5.3XYZHTHXH

Y10 6VUVOAO TOVG TO OTOTEAEGUOTA OELYVOVY OTL 1 0TOVGi TNG OKTivVG 2
ko g CDPK4 0dnyel 6€ pio yevikoTep O10.TOPUYN TOV HETAYPUPIKAV EMTEOOV
pog TAN0@PAS YOVidi®mv OV avTIeTOL(0UY TTEPiITOV 610 12% TOV YOVIOIONATOG
TOV TOPacsitav (599/4979). Avto fitav un avopuevoprevo, dedorévou OTL kapio omd Tig
V0 TPWTEIVEG deV QaiveTol vo oYeTILETOL AUEG [LE TV UETOYPAPIKT pOOon. Mia
a&loonueimm mopatnpnon eival 0Tt e kopio Tepimtwon oev Ppébnke Kdmolo yovidlo
va €xel Betikn] pOOuion oto €va peTAAAOYHO Ko opvnTikn puduon oto dAAo.
[Tepropilovrtag v avdivon ota 50 TpdTO YoVidia TOL TaPOLSLALoVY TNV HEYOADTEPT
Popa TNV EKPPACT| GTO, SVO HETAALAYLLATO, GE GYECT] LLE TO. 0y P10V TOTOL TAPAGLTAL,
Bpédnkav Kowd yovidlo pe Betikn 1 apvnTiky] pOOIOT Kol OTIC OO TEPUTTAGELC.
Q61000, VILAPYOLY KOl YOVISI TOV TOPOLGLALOLV OlPOPA GTA EMMEDN EKQPUONG
AMOKAELOTIKA o€ €va amd Ta dVvo petodrddypata. Eniong, evolapépov mapovoidletl to
veyovog OtL To. TEPIoGHTEPA YOVIdloL e apynTikny puOUIoT ota dVO UETOAANYLATO
enpaviCovv péylota emimeda EKEPAONS 6TO aypiov TOHTOL TOPAGITO GTA U1 PUAETIKA
otadla. To avtifeto ocvpPaivel yioo Ta yovidw pe Betikn pvOom, mov epeavifovv

LEYIOTO EMIMEDQL EKPPAONG GTO GTAGIO TOV YOUETOKVLTIAPOV 1] TOV WOKIVETDOV.

Y10 mopdoito TG EAOVOGIOG, 1 YVAOON TOL £XOVUE YO TNV HETOYPUPIKT
pOOoN Kol TO0 TOG VT pLOUileTan 6Ta dSPOPETIKA GTAdIO TOV KUKAOL (NG eivan
neplopopévn. H mpodcopatn avakdivyn tov petaypogikov mapdyovia AP2-G delyvel
OTL M TPOYPOUUOTIOCUEVT] QULAETIKN ovamTuEn puOuiletal oe emimedo peTaypoENG
(Sinha, 2014, Kafsack, 2014). Xmv mopodoo peAéTn &ywve ovdAvon TV
YOUETOKVTTAP®V 000 UETOAAOYHATOV, OOV VIAPYEL TOHGN GTNV OladIKAGIo TNG
youetoyéveons. Evd ot goavotumol Tov 000 petoAAaypdtov £xovv TEPLYpAQEL e
HEYAAN AETTOUEPELD OE KVTTOPIKO ETIMEDO, deV Yvopilove TNV Agttovpyio aLTOV TOV
0 TPOTEIVOV 0 pHOoplokd emimedo, He moleg GAAEC TpwTElveg UmOpel va
aAANAOETOPOHV 1 TNV YPOVIKY oTyp mov givon amapaitmtes. Kot ta dvo yovidw
HETOYPAPOVTOL VOPIC OTNV OVATTTUEN TOV YOUETOKLTTAP®WV. ETot, ta mboavotnra sivat
OTL £r0VV Opacm TOAL Ttpv TNV Evapén ¢ youetoyéveonc. Exet Bpebet ot n axtivn 1

evTomileTol GTOV TLUPNVA KOL TO KLTTOPOTAAGHO TOV OPCEVIKOV YOUETOKVLTTAP®V,
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OAAQ LETO TNV €VEPYOTOINGOT TNG YOUETOYEVESNG OVIXVEVETOL OMOKAEIOTIKA GTO
kuttapdémiacpa (Deligianni, 2011). Xta topdotto mov arovotdlel n axtivy 2, | oktivn
1 mapapéver otov mopnva. Emiong €xet derytel 6t axtivny 1 éxet pdho otV €kppaon
TV Yovidimv ota un euAetikd otddia (Zhang, 2011). Zvuvenmg vdpyet pio TavoTnTo
N aktivn 2 va €xel Evay EUIECO POAO GTNV PLOULGT TG LETAYPOPTIG OTO YOLETOKVTTAPO
pécm g axtivng 1. Qotdco dev VITAPYOLY AKOUT TEPAUATIKO OEGOUEVA TOL VO TO

emPefordvouv.

Amo to yovidwn pe apvntikny puluion emdéyOnkov téooepo ota omoio M
ékppaor elvar moAd pikpOTEPN amd to. aypiov TOmOL mopdcita. AkolovOnoe
QOWOTVTIKY OvOALON TV peToAloyudtov — trx2™ kou Atriplemsp7 ota omoia
arovotdlovv ta yovidwn avtd. Opmg dev eviomicope KATO10 10104TEPO PAVOTVTO GTA
0TAO0 TOV TOPOGITOL GTO KOLVOUTL, GE GYE0T UE Ta aypiov tOmov mapdotta. [a
dekaentd yovidia mov eueavilovy dapopd oty EKEPAcT] 6TV Tapovcoa LEAETY, EXEL
YIVEL EMTUYMG M KATAGTPOPY] TOLG. ATO OTd, TO ENTA Oev £YOLV PALVOTLTO GTO.
(QULAETIKA GTAOLO, EVO Y100 OVO OEV VILAPYOVY TANPOPOPIEC CYETIKA LE TO GTAdLOL AVTAL.
H xataoctpopn 600 yovidimv £xel pouvOTLUTTO GTA PLAETIKA GTAdLO. AvoQEpPETOL OTL M
amaAowpry Tov yovidiov Nnti €yel eouvotvmo oty youetoyéveon (Aly,2010) ot m
OTIMOAELDL TOV HETOYPOPIKOD mapdyovio AP2-2 €yel oG amotéAecpa TV omovcia
youetokvttdpov (Sinha, 2014, Kafsack, 2014). Ouwg oty nepintwon mov amovctdlst
n axtivn 2 | n CDPK4, oynuotifovtor dpipuo yopUeTokOLTTOPO KOl TO TPOPANUL
eotidleTon otV oAOKApPwOoN NG youetoyéveons. 'Etol, katoppimteTor M apyikn
VdBeon OTL M TAOGN TNV YOUETOYEVEST] GUVOOEVETAL amd TNV CPVNTIKY pLOIoY
YOVIOLOV HE ONUOVTIKEG AEITOLPYIEC OTO (QULAETIKA OTAOLN, TOVLAGYIOTOV YO TIG
TEPUTTAOGELS TOV VILAPYOLY dtafEca dedopEvVa. ZVVETDS B UTOPOVGALLE VO TOVLE OTL
1] aTOAEL0 TNG OKTIVIIG 2 1] TN G aofecTo-eapTduEVN Kivdong 4 mov 001700V 6TtV
TOOO| TNG YOUOMETOYEVESNG, OEV EMNPEGALEL GUECH OVLYKEKPLUEVE YOVIOLO pNE
ONNOVTIKEG AELTOVPYiES OAAG 00MNYeEl 6 OL0TOPUYN] TOALOV UETAYPAPOV TOV

KVTTapov (12% 1OV YOVIOLONATOG).
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Ta mapdocita g elovosiog £xovv Eva mepimhoko KOKA0 CmNg Tov amoteAeital
Ao TOAAG O10POPETIKA avarTuElaKa otddta. Ta tedevtaio ypodvia 1| Epevva o€ AVTO TO
nedio eoTIdlEl 6TA GTANIN TOV TOPAGITOV GTO KOVVOVTL GTO TANIGLOL TNG TAPEUTOIONG
™G petddoons g vosov. H emPimon tov mapascitov otov popéa petddoong e vosou

EEKIVAEL LE TNV YOUETOYEVEDT).

Y10 TPp®TO KEPAAOO peretnoape v €£000 TV ONAVKOV Kol OPCEVIKOV
nopacitov amd 1o epuhpokitTopo-EevioTtn Kot Vv yapetoyéveon. H €€o0dog kot ota
ONAVKA Kol To ApoEVIKA EYEL KOO YUPOKTNPIOTIKA Kol OTOTEAELTOL amd TEGOEPIS
SKPITEG PACELC. Xg oxéon pe TNV 6000 TV pepolmidimv VTdpyovV OUOIOTNTES, AAAL
Kot BOCIKEG O10POPEG. TO GUVOAD TOVGS TA OTOTEAEGUOTO OTOKOADTTOVY L0 SUVOLKT
avadopydvoon Tev dVo pepufpavav tov tepipdrrlovy to Tapdctto (PVM kot RBCM)
péca oe TV TV ovvtoun oladikacioo g €£00ov. To poviého €£0d0v TV
YOUETOKLTTAP®Y TOV TOPOVGLALOVIE GE QLTNV TNV HEAETN, Oivel TN duvaTOTNTA VO
avaTpEEOVUE OTA PETOAAGYHOTA TOV 1 dtodikacio TG £6000V UTAOKAPETAL KOl VO
dovpe og ot omd TIg PAGEIS 5000V LVITAPYEL TPOPANUA. [dtaitepa onpavTikd yio TV
nepartép® avdivon sivar va Bpebodv véot delkteg Yo TO0 E0MTEPIKO Kot TO EMTEPKO
tuiua ™ PVM kot tg RBCM. H yapetoyéveon eivar £va factkd onueio otov KHkAo
Cong Tov Topacitov Kot avtd onuaivel 0Tt Ypeldlovion TEPIGGOTEPES LEAETES Y10 VAL

KOTOVONGOLLE TNV Blodoyia avTig TG GEPES YEYOVOT®V.

210 emOPEVA KEQAAOLO EGTIACOVLE TNV HEAETN LOG GTNV OKTIVY 2, Lo TPOTEIVN
nov glvar amopaitntn oty yopetoyéveon. [lponyodueveg peréteg amd 10 £pyasTiplo
pog €dei&av Otl, amovsio TG aKTIiVIG 2, 1 YOLETOYEVEGT] TOV OPCEVIKMOV TOPAGITOV
UTTAOKAPETOL, O1 APCEVIKOL YOUETEG 0V EKPAAOVV 0O TO KOTTOPO KO 01 dVO UEUPPAVES
7oV TePPAAAOVY TO Tapactto Topausvovy avérages (Deligianni, 2011). ®@éhovtog vo
eupobovovpe otov poOAO OV £YOLVV Ol dVO SLUPOPETIKES LGOUOPPES OKTIVIIG GTO
TOPACLTO, TPOYXWPNCALE GE Ui 6EPE Tepapdtov. 'Eyve avtikatdotoon Tov yovidiov
OKTIVY 2 L€ TO YOVIO0 aktivy 1 6Tov Yovidloko tomo axtivy 2. O €heyyog TG EKQPOCTG
o€ EMMESO UETAYPAPOV Otiyvel mapOHoln MIMEON KOl QAVEPDOVEL OTL 1 YOVIOIOKN
ékppaon mov Eoptdrar and ta CiS puOUIGTIKG GTOLYEID GTOV YOVIOOKO TOTO aKTivi] 2
etvar telkd aveEaptnt omd v tawtotnta tov ORF Mg v aviikatdotoon g
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oktiviig 2 pe v oktivy 1, eldyoto apceEVIKE TOPACITO OAOKANPMOVOLV TNV
YOUETOYEVEST], TOV OElyveL OTL Ol OVO 1GOUOPPES EYOVV OUPOPETIKEG AElTOVPYiEG GE
avtd 0 01ad0. H tomobénon g yuopikng axtivng 1, mov oynuatifet, Onwc Kot n
akTivn 2, pokpid wvida in Vitro, eravagépet Ty yopuetoyéveon in Vivo, vrodnidvovtog
™V avaykoldTnTo TOAVUEPIGHOD NG axtivng 2 oty yapetoyéveon. Evag dedtepog
Cotikng onuaciag porlog g aktivig 2 PBpébnke oty avantvén towv wokvotav. O
pOAOG avTOG glvarl aveEAPTNTOG 0O TOV POAO TTOL EYEL M| OKTIVY 2 GTNV YOUETOYEVEDT),
Kot 1 Aettovpyia g mBavag dev e€optdtor amd Tov moAvpuepiopud. TELOG to Tpopih
YOVIOLOKNG £KPPOOTG OE YOUETOKLTTOPA TTOV amovctdlel ite n aktivn 2 gite n CDPK4
Topovctdlel dtatapayr. Avto NTOV UN OVOUEVOUEVO dES0UEVOD OTL Kapio omd TIC OVO

TPOTEIVEG OV QaiveTal Vo oYeTICETOL AUESO LLE TNV HETAYPAPIKT pOOLILOT.

210 TapAc1To TG EAOVOGLAG 1) YVMGT OV EYOVLLE Y10 TNV LETAYPOPIKT pOOLIoN
Kol 10 TG avt pvOuiletar ota dPopeTikd otadi Tov KOKAoL Cong elvon
neplopiopévn. ‘Exet Bpebel 601t M aktivn 1 evromileton otov mupniva Kol TO
KUTTOPOTAQGLO TMV OPCGEVIKAOV YOUETOKVTTAP®V, OAAY LETA TNV EvEPYOTOINGoM NG
YOLETOYEVEOTC OVIYVEVETAL AMTOKAEIGTIKA 6T0 KuTtTapomiacpa (Deligianni, 2011). Xta
mopdacito Tov amovctalel n aktivn 2, n axtivny 1 mapoapével otov mopnva. Emiong €xet
derytel 6L M aktivy 1 &xel pOAO TNV EKQPOCT TOV YOVIOI®V GTA U1 QUAETIKA GTAdIN
(Zhang, 2011). Zuvenmg, vEApYEL TO EVOEYOUEVO 1 aKTIVY 2 va £xeL Evay EUIEGO POAO
oV pLOUICT NG UETAYPOPNG OTO YOUETOKVTTOPA HEG® NG axtivng 1. Zav éva
emopevo Prpa Ba propodvoe va yivel ELeyyog ¢ Tapovaiag g aktivng 1 otov muprva

TV act2 rep kot TV YUAPIKOV LETOAAAYLATOV.

H p0Opuion tov 18100 tov yovidiov axtivy 2 eivol GNUOVTIKY. XTO U1 QLAETIKA
oTAL0, TO YOVISI0 axtivy 2 €lvol LETOYPAPIKA OVEVEPYO, EVAD OTA APGEVIKA Kot OnAvKd
youetokvtTapo  eivar  evepyd. Oupmg, ota OnAlvkd  yopetokOtTopo  LIApPYEL
HETOPPOCTIKT OVAGTOAN TOL UETOYPAPOL Kol HOVO OTo 0pceEVIKE eviomiletal m
TPOTEIVT. LTOVS YOUETES, TO YOVIO0 Elval HETAYPOPIKA EVEPYO Kol 6T SVO0 VAN KoL 1)
npoteivn evtomiletal TG0 ota apoevikd 6co kot ota Onivka (Deligianni, 2011). 1o
Luymtd, n €kppacn TS TP®TEIVNG Yivetar and T0 Yovidlo mov kKAnpovoundnke and tov
ONALKO YOUETN, EVO M) EKQPOOT OO TO OPCEVIKO GTANATAEL LETA TNV Yovipomoinomn. H
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vrepékppacn GFP::actin 2 ond emicopa ovactélel TV Agrtovpyia TG £vO0YEVODG
aKTivg 2, €(OVTOG MG OMOTEAEGUO TNV OVOGTOAN TNG avAmTTLENS ToL {LYMTOL OF
®OKWETN. Avt) N To&IKN emidpacn g opeihetan oto GFP, apod n vrepékppaocm g
aktivng 2 amod enicopa yopig to GFP odnyei otov oynuoticpd wokvetdv (Andreadaki,
2014). To mopamdved TEPAUOTO TOL EYOLV Yivel amd TO £PYAcTAPO HOC OF
TPONYOVUEVES LEAETEG OAAQL KO TOL ATOTEAECLATO TG TAPOVGOG LEAETNG POVEPDVOVV

NV avAayKn ylo. 6ot pOOULGT Tov YoVIdiov axtivy 2 6Tov KatdAANLo ¥poVo Kot TOTO.

H avaykoidtnto yio cowot pbouion tov yovidiov axtivy 2 goivetol Kot amnd
dedopéVa omd TEPAIOTA TTOL JEV £XOVV OAOKANP®OEL Kot yio avtd dev Tapovstdloviot
¢ KOpla gpyacio. H yovidiokn Katackevr| mov xpnoipomomonke yuo v onpovpyia
TV act2 com napacitwv 6ty Tapodca HeEAETN TomofeTOnKe o€ GALO TAAGUOIOKO
eopéa Kol evompotmdnke oto yovidiopo tov act2-::mcherry tapacitov oe GAAN 0éon
Kot OYL 6TOV YOVISLKO TOTO aktivy 2, OTmG Kavape oto act2 com mapdcita. H GAAn
0éon eivar to C/D SSU mov kwdikomotel tnv pkpn vropovada tov piocoptkod RNA.
AvTd¢ 0 YoVId10KOG TOTOG £YEL Ypnotpomoindei evpimg yia Ekepaocn yovidiov (Franke-
Fayard, 2004). Kat oTig 600 mepmtdoels 6TOX0C NTAV VO, ETOVAPEPOVUE TO YOVIOL0
axtivy 2 ota. act2::mcherry and 6mov kot amovoldlel odNymdVTAS 6€ TAdoT NG
yopetoyéveong. Ta act2 com petacynUaTicpéve mopactto el0ape 6Tt GOUTEPLPEPOVTOL
ocav aypiov TOmOL Kol 0 KOkAog ong ovveyiletar euoloroyikd. QoTtOcO oTo VEL
uetooynuotiopéva act2 com (SSU) mapdotta, o optOpdg TV OPOEVIKOV TOL
OAOKANPAOVOLV TNV YAUETOYEVEST £lVOL IKPOTEPOG KOl TAPATNPNOAUE EVOV 1O10HTEPO
QovOTLTO 6T WOKVGTEC. TToAAEG woKVOTEG TAPAUEVOLY HKPEG KOl EKPUAGUEVEG,
EVAD GE OWTEG TOV PAIVETOL VO AVATTTOUGCOVTOL KO VO OAOKATNPMVOLV TNV GIOpoyovia,
ta. omopolwidia Eyovv yacel TNV KvnTiKOTTA TOvg. T TPAOTA AVTA OTOTELEGHOTO
delyvouv 0Tl 1M o®OTH £KEPOCT amd ToV 1010 ToV YovVidlokd TOTO aktivn 2 &ivan

amopoitnen.

Mia tpotempkn oviivon oto cropolwidia tov P.yoelli deiyver v mopovecio
™G oKtivng 2 ot omopolwidia TV cleloyovev adévmv tov kovvovmiov (Lindner,
2013). ITpokOmTel AOUTOV TO EPAOTNO EAV QDT N TPWOTEIVT EYEL OPAGT KOl GE ALTO TO

petafotikd otddo and Tov Eva EeVioTn 6ToV GAL0. Oa umopoboe LEALOVTIKG Vo, Yivel
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OTOYXEVUEVT OTTOAOLPY] TOV YOVISIOL TG aktiviyg 2 6To 6Tdd10 TV cmopolmidiny, 0w
neptypaopetar oto P.berghei omopolwidio pe v teyvoroyia avacvvdioopod FLP/FRT
(Lacroix, 2011).

H dvo oopopeéc axtivng dtopépovy 1000 o€ eninedo aAiniovyiog Kot Soung,
0G0 KOl OTIC W0TNTEG TOAVUEPIGUOL Kol ToV pOAO TOLG péco oto KuTTopo. Ta
OTOTEAECUATO OVTNG NG MEAETNG delyvouv OTL M aKTivi 2 €Yl SLOPOPETIKOVS Ko
KPIG1oVg pOAOLG G€ O14Popa GTAdI TOV KOKAOL {mMNG TTOL d1apEPOVY O TNV OKTIVY
1. Opwg n axpiPrig Aettovpyio TwV dVO 1COHOPPAOV OEV EYEL AKOUN OTTOCAPNVIOTEL.
MeALovTiKEG HEAETEC TOL VA GTOXEVOLV OTNV  TOLTOTOINGN TMPWOTIEIVOV TOL
TPocdEvovTal otV axtivn 2 N kot v aktivn 1, Ba BonBovoav oty KoTavonor g
Aertovpyiog tovg. [TiBavov va Bonbovdoav kol oty chvoeon pe GAAO LETOALGYLLOTO
7OV TTOPOLGLALOVV TAPOLOIOVG PAVOTLTTOVG, OTTWE aVTO NG TpwTeivng C-CAP (Hliscs,
2010). Téhog yperdletar | emovaAnym tov petooynuoticpov tov Ocact ko actl/act?
D-loop ypopikedv petoAraypdtov. Ta omoteEAéopata ovtd 6€ GUVOVAGHO IE SOKES

peréteg Ba pog fondncovy oty KaTavonon TV dVo POA®Y TNG OKTivy 2.

M véa oTpanyiKy] KotomoAéunong g vooov gival 1 TopeUndoon e
petddoong (ITTM) mov otoyevel ota avantvElakd 6TAO0 TOV TAPAGITOL GTO KOVVOLTTL.
Ouwg, yio v tpodOnomn g pebddov, ypetalovtatl ToAd TEPIGCOTEPES YVADGELS Y10 TIG
dlepyacieg Tov TOPAGITOV KOl TO HOPLO TOV EUTAEKOVTOL XTNV TOPOVCH HEAETN
QTOKOAVTTETOL O OITAGG POLOG TTOV EYEL | AKTIVY 2, TOGO GTNV YOUETOYEVEDT], OGO Kot
OTNV OVATTVEN TOV MOKLOTAOV GTO KOLVOUTL, dV0 Pactkd avamntvélokd otddia. Ta
amoteléopato avtd Oa pmopovoayv vo fondncovy otig mpoondbeleg mov yivovtot yio
ToVv €Aeyy0 petddoong g elovocioc. H katackev| poppdkmyv mov va 6ToxedovV Tig
axtiveg Tov mapacitov dev eivar pa evkoAn dradkacic, KaBMOg aKTivEG VITAPYOLY Kot
ota avOpomva Kottapa. Opmg n avedpeon TPOTEIVOV TOV GAANAOETIOPOLV UE TIG
TOPACITIKEG OKTIVEC G€ aVTA Ta dVO Kpioyo avartvélakd otadia, Oo pmopodoay va

etvan mboavol pappaKeLTIKOTL GTOYOL.
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7.1 HOu| ko dgovtoroyio

H moapodoa perétn mpaypoatomrodnke cOLPOVL UE TOVS EAANVIKOVS KAVOVES
OV OOTEAOVVTOL OO TO TPOoedpikd dtdtaypa (160/91) kou tov vopo (2015/92) ko
ektehovv v odnyio 86/609/EEC amd v evpomaikn évoon Kot TNV €upOTOIKY
ocbupaocrn yw TV TPOCTUGiD. T®V GTOVILAWTOV (M®OV TOL YPNOLUOTOOVVTOL Yol
TEPOLOTIKOVG Kot GAAOVE EMGTNUOVIKOVS OKOTOVS Kol TNV vén vopobecia Tov
npoedpkov drotdypatog 56/2013. Ta mepdpato SieENydOnoav o€ eykotacTdcels (OOV
ue motomomuévn adsto (EL91-BlOexp-02) kot to mpwtdKodlio €xetl eykpiel amd v
EMTPOTN a&OAOYNONG TTEPAUATOV G€ TEpapaTolma Tov [dpvuatog Teyvoroyiag Kot
‘Epevvag (6740/8/10/2014) wor v voupapyio ¢ Kpnmg (opBudg ddeiog
#27290,15/12/2014).

7.2 M£0odor Tapacitoroyiog
7.2.1 relhéym mopacitov

Ta aypiov tomov P.berghei otehéyn mopacitov mov ypnoomomOnkay
OLVOAIKG o€ avTtiv TV perétn eivar to ANKA 2.34, to ANKA 820cimlcll (RMgm-
164) xau 10 WT-GFP. To evpéwg ypnowwomoovpuevo otédeyog ANKA 2.34
YPNOLOTOMONKE Yo TNV peAETN €£GO0V T®V YAUETOKLTTAP®V 0td TO EpLOpoKHTTOPO-
EeVioTn], TNV HEAETN OVTIKOTAGTAGNG TOV YOVIOIOV akTivy 2 Kol TNV UEAETT] TOV TPOPIA
NG YOVIOLIKNG £KQpaong ota youetokvtTapa (kepdioua 2, 3, 4, 5 avtiotorya). To
aypiov tomov otéheyog ANKA 820cimlcll (RMgm-164), mov &d® amokoAoVue
otéleyog 820, ypnowonomdnke oty HeAETN ££000V TV YOUETOKLTTAP®Y Omd TO
epuBpokitropo—-LEeviot] (kepdrowo 2), o©Tto Omoio OMOKAEWOTIKG To  OnAvkd
youetokvttapa ekppalovv v kokkwvn @bopilovoa mpwteivy (Red Fluorescent
Protein, RFP), evd ta apoevikd yopetokdtrapa ekepdlovv tny mpdovn ehopilovoa
npwoteivn (Green Fluorescent Protein, GFP) (Ponzi, 2009). To otéheyog WT-GFP
(Janse, 2006) mov ekppalel otabepd v GFP, ypnoonomdnke g delypo eAéyyov
OTNV QOWVOTLTIKY UEAETT TOV HETOAAGypaTOg Atriplemsp7 (kegdAato 5), kabdg fav
aVTO OV HETOCYNUOTIOTNKE Yio TNV dnuovpyio tov Atriplemsp7. H éxppoon tov

@Bop1lOVIOV TPOTEIVOV € OVTO To OTEAEYN Oev £€xEl KAMOWM EMIMTOON OTNV
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apLOCTIKOTNTA TV mopacitwv. EmmAéov, yw 1o mepdpoto omekdvions g
HeEUPBPAVIG TOL TAPAGITOPOPOV KEVOTOTIOV KATA TNV dwdkacio e €£O600V o€
Covtavd detypata ypnotpomombnkay aypiov thmov mapdoita oto omoia £xel lcoyOet
emicopa yo v ékepacn 1 ebopifovca mpmteivn PVMG-mcherry (kepdiaio 2). H

KOTOOKELN £YIVE OO TNV LETATTLYLOKT Qo Tplo XapikAelo Xmoavou.

AVO PETOAAGYLOTO VTTAPYOVY GTA OTO10 £YEL KATOGTPOUPEL TO YOVIOl0 axtivy 2
Kol Tapovotdlovy Tov 1010 atvoTLTTo adVVaUiaG EKPOANG TOV APGEVIKMV YOUETMV OO
TO YOUETOKLTTOPO Kal TO gpvOpokvTTapo-Eevioth tov. To petdhAayuo act2(-) éxet
KOTOUOKEVOOTEL GTO EPYAGTNPLO LAG, OTOL TO AVOLYTO TANIGLO AVAYVMOTG TOV YOVISIo
oxtivy 2 €yel dwokomel amd v €vBeomn KacETag avOekTIKOTNTOS oTNV TLPLedapivn
(Deligianni, 2011). v mapovoa epyacio ypNoILOTOMONKE Yoo TNV UEAETN TOL
TPOPIA TNG YOVIOLOKTG EKQPOCTC GTA YOUETOKVTTOPO OTovsio TG aKtivig 2 (Ke@dioto
5). To petdAraypo act2::mCherry €yel KataoKeLAOTEL ATO OULASO GUVEPYUTAOV LLOG UE
TANPN OTOAOLPY] TOV avOLXTOD TANIGIOV OVAYVOONG TOV Yovidiov axtivy 2 pe Ao
oporoyo avacvvovacud (Kooij, 2012). Xe avtd ta mapdotta, petold tov 5 ko 3°
mevpikdv mepoywv (Flanking Regions, FR) mov mloioidvovy 1o yovidio axtivy 2
Bpioketar 1 KodKN meptoyn yo Ty Kokkvn ebopilovca mpwteivy mCherry kot pia
Kacéta Ekppacng g mpdowng ¢Bopilovcag mpwteivng GFP, evd n kacéta
avOekTIKOTNTAG £YEl QUYEL UE OUOAOYO OVACLVOLOCHO Kol TNV HéEBodo  TNG
avoKOKA®oNG uéocm Oetikng/apvntikng emthoyng (Aemtouépeteg ewova 3.2) (Kooij,
2012). Ta act2::mCherry mopdotito xpnoyLomomdnKoy oty HEAETN OVTIKOTAGTAONG
0V yovidiov axtivy 2 (Kepdioia 3, 4) Yoo TOV HETACYNUATICUO, OQOV (QEPOVV TO

TAEOVEKTNLO OITOLGLOG AVOEKTIKOTNTAG.

XV HEAETN TOVL TPOPIL TG YOVIOLOKNG £KQPPACNG OTO YOUETOKLTTOP
ypnopomomdnke kot to petdAiaypo mwov anrovcldlel n acfeoto-eEaptdpevn Kivdon
4, CDPK4(-) (keparowo 5) (Bilker, 2004). Ilepetaipm oaviivon €ywve yio técoepa.
yovidww mov epeaviCovv apyntiky puduon oty peAéTn Tov TPOPIA YOVISIOKYG
gkppaong (kepdaloto 5) kot oto dVo petarrdyuata act2(-) kot CDPKA4(-). Ta yovidia
avtd etvon o e€Ng: trx2, msp7, msrpl, msrp2, 6mov o Tpic TEAELTALN OVIKOLY GTNV

O owkoyévela yovidiov kot otov 1010 yevetikd tomo. Katookevdotnke 10 TpmAd
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uetd haypo Atriplemsp7 mapacitov 6mov €xel yivel amoAoipr] OAOKANPOL TOL
YEVETIKOV TOMOL 7oL mePAapPdvel katl to Tpia yovidole msp7, msrpl, msrp2 pécw
ATA0D OLOLOYOV OVOGLVILAGHOD KOl OVTIKOTAGTAONG TOV LE KOGETA avOEKTIKOTNTAC.
To tpurhd petdAiaypo yopnynoOnKe Yoo @OIVOTUTIKY UEAETN Ao TV cvvepyalopevn
oudda tng R. Tewari. ®owvotvmikn avdivon éywve kot oto trx2™ uetdAlaypo, o oroio
yopnynOnke amd v cvvepyaldpevn oudda tov K. Matuschewski. H amaAioipn tov
yovidiov trx2 gywve pe Sumhd opdAOYO avaGLVIVAGHO OTIMG KOl GTNV TEPITTOOT TOV

act2-::mCherry (Matz, 2013).

Mo v HeAétn avTIKoTdoTaong TG 0KTivig 2 GUVOAMKE KOTaoKELAoTNKAY E5L
dwpopetikd  petoAddypoto  act2-::mCherry  petaoynpoTICHEVOV  TOPOGITOV
(kepdioia 3, 4). Zto HETOAAAYUOTO OVTE, GTOV YOVIOLOKO TOMO oktivy 2, OOV £)El
aQupedel To avoryTd TAAIGI0 OVAYVMGNG TOV YOVISIOV akTivy 2, YIVETOL OVTIKOTAGTAON
ne €€ dapopeTikd yovidwa. Avtd eivar ta €€Ng: To 110 T0 YoVidlo axtivy 2, TO YOVidlo
axtivy 1, 10 yovidio a-axtivy amd 1o O.cuniculus kot dAla tpia yuyronpikd yovidto. Ta
avVTIoTOYO UETOAAOYUEVO, TOPACITO. TTOV TPOKLITOVV £MELTO. OO OVTOVG TOLG
LETAOYMMOTIGLOVG eivor Ta act2 com, Ta act2 rep, ta Ocact kot ta Tpio youpika actl
chi, a-act chi, actl/act2 D-loop. H otpatnyikn mov akorovdnnke yio T KoTooKELN

TOV HETOAAAYUEVAOV TOPACITOV TOPOVGLALETOL TOPOKAT®.

Hivekog 1. Zteléyn topocitev Tov ypnoponomtnkay TNy Topodoa LEAET.

Eréleyoc mupusito Tomog perariaing Kegdimo
ANKA 234 ayplov Tomov 2,3.4,5
ANKA §820clmlcll exopoon dwyovidiov pdopilovcos mpaTaivic 2
WT-GFP £xopoot Swryovibiov pdopilovcus mpaTaiviic 5
PVMG-mcherry gx@poot) Swryovidiov phopilovcoc mpeTeivg 2
act2(-) KOTEGTPoQT] vovidion 5
act2-::mCherry KOTEOTPOQT] vovidion 3,4
CDPK4(-) KOTEOTPOQT] vovidion 5
Atriplemsp? KOTEGTPOYT] vovidion 5
trx2- KOTUGTPOQT] vovidion 5
act2 com GUUTATPE@GT) Yovidiow 3
act? rep OVTIKOTOOTROT voVIGion 3
Ocact OVTIKOTAOTRGT voVIGion 4
actl chi OVTIKOTAOTROT voviGion 4
a-act chi OVTIKOTAOTaCT] Yovidiov 4
actl/act? D-loop OVTIKOTOCTOOT Yovibion 4
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7.2.2 Avatiipnion mopacitmv

Ta oteléyn TV Tapacitov dtatnpodvtol oe wovtikia Theiler’s original niwiog
6-10 eBfdouddmv pe evdomeprtovaikn Eveon pe porvouévo aipo. Na onpeiwdei 6t ota
nepdpata Pfrvteookdmnong g 6660V TOV YOUETOKLTIAP®OV Amd TO £pLOPOKVTTAPO
Eevioty ypnowomomOnkav SWisSS movtikia, kafdC To cLYKEKPIUEVO TEPApOTOL
SleENyOnoav oto €PYOSTNPLO SVVOUIKNG TOV HEUPPAVIKOV OAANAETIOPACEDY GTO
Université Montpellier 2 (UM2), oty T'oAlio. Méypt déka cuveyOUeEVEG neTayYioELg
yivovtal, €161 ®ote va anoeevyfet 1 mhavotta TVYOV XPOUOGOUKGOV aAlaydv. To
aipo GLAAEYETOL OO TO HOAVCHEVO TOVTIKL LE KOPOLOKN TOPAKEVTNOT, GTO OMOi0
npmta £xel yopnynOel éva petypa avorsdnrtikod kot avoiyntkov. [a v amoeuyn

TMENG TOV AILATOC YPNCUOTOLEITON GVPLYYa LE NITapiv.

IMa v adénon Tov YOUETOKVTTAP®Y GTO LOAVGUEVO OijLa, OVO0 HEPEG TPV TV
uolvven oe kébe movtikt yopnyobvtar evéoiywo 200ul omdé 6 mg/ml Sudivpa
eowvivdpalivn og 0,9% NaCl. Zto mapdoira g ehovoaiag P.berghei £xet derybei ot
0 apBUOg TOV YOUETOKVLTTAP®V aVEAVETOL LE TNV EMAY®YN OVOLUING OTO TOVTIKL,
YPNOUOTOIOVTOC TO QAPUOKO @atvLALOpaliviy. Avtd oonyel oe por avénuévn
gpvbpomoinon, mn omoio evvoel TV AvVATTLEN TOV YOUETOKVLTTAPOV AOY® TNG
TPOTIUNGNG TOLE 6T avdpie epvBpokdTTapa (reticulocytes). I'evikd, moALEG peETeC
amodetkvoovy TV mpotipnon kot tov P.berghei kot tov P.falciparum ywo to avopipa
gpvOpoxvtrapa (Cromer, 2006, McNally, 1992, Trager, 1992, Trager, 1999). EmutAéov,
oto movtikio mov €xel yopnynbel 1o @AapuaKko @arvvAvdpaliviy, o aplBuoc tov
€pLOPOKLTTAP®Y TTOV £Y0VV HOAVVOEL e TAVED amd Eva Tapdotta eival IKPOTEPOC. ZTa
TOALOTAG poAvopéva epuBpokiTtTapa, To Tapdcita Oev avaTTHGGOVTOL PUGIOAOYIKE

o€ VYMg oppovg oyilovteg (Janse, 2004 pébodot mapacitoroyiag).
7.2.3 MéTpnon mopuoiTUIRiog Kol T0606TOV YORETOKVTTAP®V

H pétpnon g mopoacttopiog, onAady T0 TOGOCTO TOV  HOAVGUEVOV
€PLOPOKVTTATOV OTOL KLTTAPOU TOV OIMOTOC, KOU 1) UETPMNON TOL TOCOGTOD TMV
YOUETOKVTTAP®OV GTO GOVOAO TOV LOAVGUEVOVY KLTTAp®V, Yivetal ue ypmon Giemsa. H

ypoon Giemsa TpocdEveTal EIIKA 6TIS POSPOPIKEG opadeg Tov DNA, £tot o amdpnva,
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epvOpoxvTTapa Egxwpilovy amd To poAvcuéva e moapdoita epvdpoxvttapa. o tov
éheyyo pe ypmon Giemsa, po pkpn oTayovo HOAVGUEVOL OIUOTOC OTAMVETOL OE
OVTIKELLEVOPOPO TAGKN KOl 1 KOTOUETPTOT TOV TAPOUCIT®OV TOV ElYUATOG YiveTon O

OTTIKO UIKPOGKOTLO.
7.2.4 Kadépyera olovrov

H kaAliépyerta tov oiloviov ¥pnoIHOTOEITAL Yo TV HOAVVOT TOV TOVTIKOV
LLE CLYYPOVIGUEVA TOPACLTO KOL GTOV LETOCYNUATIOUO TOV Tapacitov. Ta mapdoita
dtatnpovvton in Vitro ya povo évav kbkho ovamruéng. Ta mapdoita 610 6Tdd10 TOV
d0oKTUAIOL Kot 01 VEOL TpoPolmiteg umopovv va avartvyBovv e dplovg oyilovieg o
16-23 dpeg. ZvAréyetot aipo amd HOAVGUEVO TTOVTiKL dTav 1) Tapocttotpio fpiokeTon
YOp® 670 1-3% Kot avapryvoeton pe Opentid péco kariiépyeiong RPMI1640 (pH 7,3)
nov epiéyel FCS (foetal calf serum) xan 0,05 mg/ml telikn cuykévipwon veopvkivng.
2V KoAAEpyela Tpootifetan yio dvo Aemtd petypa agpiov 5% CO2, 5% O2, 90% N>
Kot yiveton endoon yuo 20-24 dpeg otovg 36,5-37°C. H Oegpuokpacio g KaAMEPYELNG
etvar kpiown, kKabdg o pvOuodg avamtvéng tov mapocitov eoptdtor omd TNV
KoAMEPYELD. Xe peyohOtepec Oeppokpacieg To TOPACITO KOTOCTPEPOVTAL KOl GE
HiKpOTEPEG Beprokpacies amatteiton TEPIocOTEPOS YPOVOS Y10 VO PTAGOLY GTO MPLUO
otddo tov oyilovta. ' Tov mo0TIKO €Aeyyo TG KOAMEPYEWS, €vo Oetypa
TOPOTNPELTOL GTO OTTIKO HKPOCKOTLO UETE amd ypdon pe Giemsa. Ot vyieic Kot dpiot
oyiCoviec olakpivoviar amd v moapovoic 12-24  pepolwdiov péca  oto

epvBpoxvTTOpO.
7.2.5 KaOapropdg oilévrov

O oyiCovteg amopovavovior omd To VTOAOUTO U] HOAVGUEVO KUTTOPO UE
daPaduion ovykévipoong Nycodenz 27,6% ce dtddlvpo mov wepiéyet S mM Tris/HCI,
3 mmol/L KCI, 0.3 mmol/L CaNa2EDTA, pH 7,2. Avauryvbovtar 5,5 ml dtoAvpotog
Nycodenz pe 4,5 ml PBS kot o6 méve tomobetovvton 25ml kodhépyetag. Akorlovbel
ouvyokévrpnon 1500 rpm ywa 25-30 Aentd oe Oeppokpacio dopatiov ywpic ppévo. Me
TNV QLYOKEVTIPNON ONUIOLPYEITOL €vag EVOLAUEGOS KAPE OOKTUAOC GTOV OTOioV

Bpiokovtal ot oyilovteg, ta pun poivopéva kouttapa fpickovral otov mubuéva. O kaeé
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OOKTOAMOC GLAAEYETOL KOl KOAOVOOVV 310 d10:00) KA EemMAV Ot e TO OpenTiKd HEGO
¢ KoAMEpyelag. TELog, Eva pkpd puépog eléyyetar pe ypmon Giemsa yio tnv motdtnTo.

TOL OelypaToG.
7.2.6 Metaoynpatiopdc napacitov

Yy mapovoa perétn act2-::mCherry mopdoito peTaoyNUATIOTNKOY HE TIG
avtioToryeg TAOCHIOOKES KOoTookevEG. H dadikacio Tov petaoymuatiopod yivetot
ocOUPOVO, pe Tporyovpeves meptypapés (Janse, 2006). Xvvortikd, Koabopiopévol
oyilovteg avaperyvoovrar pe didiopo Nucleofactor 88A6 (Amaxa, GmbH) kot 10ug
TAOGLLOLKOV (popéa Tov £xel evOBVYpapioTel pe TEYN TePLoPLoTiKoy vOLIOV GE [
0éon 1ov @opéa. Ta mAacuid €cdyovtolr GTo TOPACITO HE MAEKTPOOLATPTON
xpNoonol®vtag o cvotnua Amaxa GmbH, tpoypappo U-33. O petaoynuoticpévol
oyiCovtec giodyoviar queca ce dVO movtiKio pe evOOPAEPLa éveon otnv ovpd. Ta
TOPAGITO OPVOVTOL VO, TOALOTANGLOGTOOV Yo 24 MPEG Kol GTNV GLVEYELN YopnYyeiTa
mopedapivn yoo v 0TIk €MAOYYT TOV UETAGYNUATICUEVOV TTOPACITOV ond TO
act2::mCherry mapdoita. H yopnynon yivetar pe €veomn €vOOmEPITOVAIKA Y10l TPELS
ovveOUEVEG MUEPES, e nuepfota 60on 100ul and didhvpa towv 2,5 mg/ml. Otav 1
napoctrtaio etdoel Kovid 6to 5%, a@apeital To LOAVGUEVO aifla oo TO TOVTIKL Kot
éva uépog drotnpeital oto VYPO ALMTO Yo EMOUEVN LOAVVOT) TOVTIKOD, EVGD £V, GAAO
pépog ypnoomoteitat yuo. yovotumikd €heyyo. I'a va PefaiwbBodpue yio v emituyio

TOV LETOGYNUOTIGUOV, YivETOL TAVTO YOVOTUTIKOG.
7.2.7 Khovomoinon mapacitmv

Ta mapdoita Khovomoovvtal pe v HéBodo g dadoykng apaimong, Otov
Bpiokovtor oty gpvbpoxvtTopikn @dor avdmtuéng. Xtoyog eival vo TpoKkOyeL £vog
KADVOG HETAGYNUATICUEV®V TOPOciTOV. Apyikd £va TOVTIKL LOADVETOL [LE TOV UEIKTO
mnBovopd mapocitov. Otav 1 mopacttopio etaocst peta&d 0,3% ko 1% 1o aipa
apopeitor. H pétpnon g mopacttoyiog yivetor pe v KOTOUETPNON TGV
HOALGUEVOV Kol U1 HOAVCUEVOV epLBpokLTTap®Y € Taved omd eikool medio. 61O
onTIKO piKpookomo. EmmAéov 11 cuykévipmon Twv Kuttdpwv 610 aipo vroAoyileton

OTO OLUOKLTTOPOUETPO. YToAoyiletar 0 OYKOG aipatog Tov amotteital, £T61 MOTE TO
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KkéOe movtikt va poivvOel pe AMydtepo amd €va TOPAGITO Kol YIVOVTOl Ol000yIKES
OPOLDCELS TOV OUILATOG. XVVOMKA PN OILOTO00VTaL 06K ToVTiKia yia TNV uéBodo g
dwdoykne apaiwong. H poilvvon yiveton pe evooAéfia éveon oty ovpd TV
novTiKiov. Metd and nepinov 8 pépeg yiveton Eeyyog mopacttorpiog oe kbbe movrikt.
Oewpeitar 011 cOUE®VO pe TV Katavoun Poisson vrdpyst peyoakvtepn mbavotnto n
KAwvomoinon va eivar emroyng otav to 20-50% tv moviikKidv eppaviCovv
napactropio 0,3-1% v oydon pépa (Janse, 2004 pébodor mapacitoroyiag). Téog,
TO QPO APOLPEITOL OO TOL LOAVGUEVA TOVTIKLOL KO YIVETOL YOVOTLTIKOG EAEYYOG Y10l VL

Bpebel évag kaBapog TANOLGUOC LETOGYNLATICUEVOV TOPACITMV.
7.2.8 In vitro evepyomoinon yopetoyéveong

Apywcd yivetor éheyyog pe ypoon Giemsa ce poAvouévo TOVTIKIo Yo THV
vmapén yapetokvttdpov. ‘Enetta, o otaydvo aipo amd v ovpd TOV TOVIIKIOD
OPOLOVETOL OEKO (POPES G€ KATAAANAO Openmtikd pHEGO Yoo TNV €vepyomoinom
(RPM11640 with L-glutamine, 25 mM Hepes, 2 g/L NaHCO3, 10% FBS, pH8.0). Xto
Opentcd péco mpootifetor 50 NM EavBovpevikd o0&V, Eva mapampoidy HeTOPOMGLOV
070 KovVoLTL, oL £yl detyBel 6Tt suuPdiel oty evepyomoinon. To delypa enwdleTon
v Tepimov déka Aemtd otovg 19°C. H yapetoyéveon oAoKANpOVETOL HEGO OE OEKA LE
JEKOTEVTE AETTA KOL 1] TOPOTIPNOT TOL SEIYHATOG YIVETOL GTO ONTIKO puKpookomio. H
KOTAUETPN O TOV OUPCEVIKOV TOPAGITOV, TOV OAOKANPOVOLV TNV YOUETOYEVEST] LLE TNV
EKPOAT] TOV OPCEVIKDV YOUETMOV OO TO MPLO EVEPYOTOILUEVO YOLETOKVTTAPO YIVETAL
gbkolo avtinmtn, kabmg ot apoevikol youétreg €yovv évtovn kwmrikodtnto. H
KoTapéTpnon yivetal oe Tave amd ikoot media kol TapovcldleTol wg HEGog 6pog avd

nedio (exflagellation events/ field).
7.2.9 Kataypagn TG YORETOYEVESG

Mo to mepdpota Kataypaeng e 5000V TOV OPCEVIKMV KOl TV OnAvkdv
YopeETOV and To epubporvTTapo e ANy PBivteo, Eywve in Vitro gvepyomnoinon. Le avtd
TO, TEPAUATO, o oTAYOVO OiHOTOC OO TO, LOAVGUEVO TOVTIKIO OPUIDVETOL EKATO
QOPEG KOl M TopaTpNon Tov Oelypatoc Eekivdel mepimov VO AEMTA UETA TNV

evepyomoinon. o v mapamipnon g €£660v ¥pNoYoToONKe HKPOCKOTIO
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avtifeong dwapopwknc ovuPornc (differential interference contrast, DIC) pe
peyeBovtikd eaxd 100x. o v kotaypaer] ypnopomomdnke kapepo pe vynin
toyvta Anyng Phantom V7 (Vision Research Inc.). H avédlvon tov eikdvav éyve pe

To Tpoypappate Moviemaker kot Imagel.
7.2.10 KoOapiopog yopeTtokvTTdp v

O kaBoplopodg TV YOUETOKLTIOP®OV ond To aipo yiveton pe Safdduion
oLYKEVTPOONG. [ TV avénon TV YOUETOKVLTTAP®OV GTO LOAVGUEVO aipLa, dVO HEPES
P TNV udAvven o€ Kabe Tovtikt yopnyovvral pe éveon evoomeprrovaikd 200 pl amod
6 mg/ml diaivpa earvvivdpaliviy oe 0,9% NaCl. O éleyyog yio TOV GYNUOTIGUO T®V
YOUETOKVTTAP®V YiveTan pe ypdon Giemsa. Otav mapovstacTody YOUETOKDTTOPO GTO
aipo Tov TovTIKoD, Yopnyeital 6To TOVTiKl covAPadIalivn Yo 600 GUVEXOUEVES LEPEC.
H covAgadialivn dtodvetot 6To vepod Tov TovTiKoD pe TeEMKT ovykévipwon 0,03 mg/mi
KoL To vEPO oTO avavemdveTol Kadnuepva. To pdppoako ovtd avacTtéAel TNV ovaTTLEN
OTO 11 PLAETIKA OTASLO TOL TOPOGITOL GTO G, EVE TO MPLLN YOUETOKVTTOPO, OEV
emnpedlovtat. Metd tig dvo Muépeg yopnynong g covApadtalivng, yivetor EAeyyog
NG TOPACLTOUIOG, TOV TOGOGTOD TV YUUETOKVLTTAP®V KOl EAEYYOG TNG KAVOTNTAS
TOVG VO, OAOKANPMVOLV TNV YOUETOYEVEST e IN Vitro evepyomoinom. Edv 1o mocooto
TOV YOUETOKVTTAPWOV GTO GUVOAO TMV Tapacitmv lval peyadvtepo and 1% yiveton
png aeaipasn oto movrikt. Na onuelmbel 6Tt ta yopetokdtrapa emPiodvovv povo
26 pe 30 mpeg kot etvor onuovTiko va yivel 1 GUAAOYN TOVG AUECH. APECMG LETA TNV
agaipaén, To aipa avauryvoetal pe to Opentikd péco RPMI1640 with L-glutamine, 25
mM Hepes, 0,5 M NaHCO3, 1 mg/ml BSA, pH 7,2. v cuvéyela to aipa
tonoBeteitan mivo og pelypa 4,5 ml 1x PBS kot 5,5 ml Stodvpartog 27,6% Nycodenz,
Omwg meprypapetar Tapomdve. I'ivetat EAeyy0g TOL TLPNVA LE OVTIGMOUN GTU APCEVIKA
YOUETOKVTTOPO, Yo TO oV ovTd £xovv TuXOV gvepyomombel kotd tnv Sdkocio
kaBapiopod. H dSwdikacio avt meptypdeetor mopakdto. Ta  omopovouéva
YOUETOKVTTOPO PLAAGGOVTOL dpeca oTovg -20°C 1) yproiponotodvtan yio Ty eEaymyn

tov RNA.

130



7.2.11 In vitro KoAMEPYELX MOKLVETOV

H in vitro xoAMépyela T@V OOKIVETOV YIVETOL GOUPOVO, UE TPOTYOVUEVES
neptypapés (Siden, 1997). Aiua omd HOAVGUEVO TOVTIKL OPULMVETOL OEKO POPEG GTO
OpenTikd PECO YlOL TNV EVEPYOTOINGN TNG YOUETOYEVESNG, OMMG OVTO TEPLYPAPETOL
nopanave kot enwdletor otovg 19°C vy mepimov 24 opec. H mopatipnon tov
WOKIVETOV YIVETOL GE OTTIKO HIKPOGKOT0. TO YopaKINpIoTIKO GYNUO TOTOV UITOVAVOLG
TOV OOKWVETAV, TOVS KaO1oTA g0KOA avayvopicipovg oto {ovtavo deiypo omd v

KaAMépyela. H pétpnon tov op1fpod tov ®moKiveTtdv YiveETol 6TO OLOKVTTOPOUETPO.
7.2.12 Kofopiopog moKiveTav

KaBapiopudc tov mokwvet®v omd in Vitro kaAAiépyslo, pmopel va. yivelr pe
dtpopovg tpémove. ‘Evag tpdmog sivor pe yropodyo appmvio. H xodépysia
®OKWVET®OV Quyokevpeitor pe 1500 rpm yia déka Aentd og Beppokpacio dopatiov Kot
N TEAéTO TOV OOKIVET®V ovapetyvoetol pe 50 ml dodivpoatog 0,17% yAwprovyov
apdviov og Bepuokpoacio 0°C. To pelypo agnveTonl 6Tov TAYO Yo €1K0oL AENTA £TGL
®oTE va yivel ) Aor tov gpubpokvttdpwv. To petypa puyokevipeitor otig 1500 rpm
v 0ékol Aemtd. AkoAovBoHV dV0 S0y IKA EETAVUATO TNG TEAETAG TOV MOKIVETMV LLE
PBS. Mia dgvtepn péBodog kabopiopol TmV WOKIVETMV CUUTEPIAOUPAVEL HOyVITIKA
opaipida (Dynabeads). Xta poyvnrikd cpaipidia givorl mpocdepévo to avticopa 13.1
70 omoio aviyvevel To avtydvo Pbs21 mov Bpioketol 6NV ETLPAVELL TOV OOKIVETOV,
aAAG kot Tov Quyotdv ko Onlokav yapetov (Siden-Kiamos, 2000). H kaAlépyela
WOKIVETMV OVOULYVOETOL UE TO HOyVNTIKE opoupidta kot pe v Pondeia poyvien ot
®OKIVETEG, To {uymTd Kou ta. ONAvKd amopakpvvovtal. AkolovBodv 600 ddoy KA

Eemlopara pe PBS.
7.2.13 Métpnon Tov 10606700 NETUTPOTS ONAVKAV YOUETOV GE MOKIVETES

[Ma va petpnBel 1o 1060616 TV INAVKOV YoUeTOV oV peTacynuatilovtal o
wokwétec ypnoomomdnke to avticopo 13.1 . IpootiBetar 10 avticopa 13.1 ko
devtepoyevég avticopa cuvdedepévo pe to Alexa Fluor® 555 og apaioon 1/100. H
EMMOOT Ol0PKEL TEPITOL U0 DPA. XTO LUKPOOKOTIO POOPIGHOV YIVETAL KOTAUETPT|ON
Tov INAvkov kot Tov (uyotdv Tov £YOVV GEAIPIKO CYNUO EVAO Ol MOKIVETEG
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Eexyopilovv AOY® TOL oYNUOTOG pmavavo. Xe KaOe meipapo yivetor kotopéTpnon
tovAdytotov 100 xuttdpv Kot vToAoyileTal TO TOCOOTO HETATPOTNG TOV ONAVKOV

YOUETDV GE WOKIVETEG.
7.2.14 In vitro £leyy0g TS KIVIITIKOTNTOS TMOV MOKIVETAOV

[Ma vo pedetnoovpe v KIVNTIKOTNTO TOV OOKIVET®V Ypnotporomdnke Eva
CehoTivddeg Tpoteivicd petypo (matrigel ™). Kallépysio 0okvetdy ovautyvistol pe
{0 0yKo amd avtd To VAKS. To detypa tomobeteitan 6€ aVTIKELEVOPOPO TAAKO Kot
apnvetal oe OBepuokpacio dopatiov. H kataypaer) tg kivnong yivetor pe omtikd
HUIKPOGKOTIO GUVOEIEUEVO e Kapepo ANyng Tavidv. Ot @oKIvVETEG KaToypapovTaL Yo
déko Aemtd ko kdBe mévie devtepOAemTa omobnkeveTol o gwova. H toyvmta
Kivnong kéBe EexmprtoTod MOKIVETN HeETPNONKE SloPOVTAG TNV ATOCTUGT) TOL OEVUCE

0 MOKIVETNG LE TO OEKO AETTA TOV OPKNGE 1) KOTOYPOLOT).

7.2.15 Amewkéviony pe  avoco@Oopiopé g  pepPpavng poAivopévov

gpuOpoxkvTTApOV 6¢ wvTava deiyparta

H aneikdvion g pepppdvng tov epubpoxvttdpov ce {ovtovo delypo £ytve
YPNOUOTOIOVTOS TO HOVOKAVIKO avticopo TER-119 mov avayvopiler v
yYAvkogopivn A mov Ppioketal otny emipdaveln Tov gpudpokvttapov (Kina, 2000). To
avticopa givar 1oN ocvvdedepévo pe to Alexa Fluor® 488. 'Eva polvcpévo deiypa
allaTOC ETOVOOIOAVETOL GTO KATOAANAO HEGO EVEPYOTMOINOMG TNG YOUETOYEVEGNG TO
omoio mepi€yet to mapandveo avticopo. To detypo emmaleton yo 15 pe 20 Aentd 6tovg
37°C. H amewovion Ttov KLTTOpOV YIVETOL GE UIKPOGKOTIO (POOPIGHOL KOl OF

Bepurokpacia 19°C, oty omoia yivetor 1 Evepyomoincn TV YOUETOKVTTAP®V.

7.216 Amewkévion pe  avoco@Bopiopd e  pepPpavng  poivopévov

EPLOPOKVLTTAPOV 6€ povipoouéva deiypata

o v amewdvion g eE®TEPIKNG EMEAVEINS ™S HeUPpdvng TV
€PLOPOKVTTAPWOV GE POVIHOTOMUEVA detypata ypnoonombnke to avticopo TER-
119. Aetypoto amd SlopOPETIKG YPOVIKG OUGTAUATO HETE TNV EVEPYOTOINGN TNG
YOUETOYEVESTG Hovipomoovvtal o€ 4% @opraidetion. Aev yivetar ypnon kdmolov

AOPPLTAVTIKOV TOL Vo kKafotd dwmepaty v pepPpavn oto avticopa. Ola ta
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Bruata oeEdyovtor oe Beppokpacio dopatiov. To mapdoita tomobetovvial o€
KoATTpideg mov KovmtovTon pe poly-L-lysine yio v mpookOAANon TV KLTTAP®V
kot tomofetovvtan og mdto 24 0écewv. Ta delypata puyokevipovvrotl otig S00Xg yio
15 Aemtd yopig epévo, aparpeital To dStOAVUA LOVIHOTOINGNG Kot akoAovBovv 00
dwdoykd Eemdopata pe PBS. To avticopa TER-119 npootifeton oe PBS pe apaiomon
1/200 kot pe 2% @uotoroyiko opd katcikag (NGS). H enmaon dwapkel po opa og
Bepurokpaocia dopatiov | otovg 4°C v mepimov 12 wpeg. Ta deiypoto EemAévovion
dvo popég pe PBS kot toroBetovvral og avtikeievopopo mAdka péca e Vectashield
(Vector laboratories). H tapatipnon tov Kuttdpov yivetot o€ pikpookonio eOopiopod

Kol 1 avaAvon Tov KOVoV Tpoypatomoteiton pe to Imaged.

7.217 Amewkévien pe  avoco@Oopiopé TOL  TUPNVE  CTOHOVOUEVOV

YOUETOKVTTAPMV GE povipomonuéve. deiypora

Ta yopetok0TTOPO OTOUOVOVOVTOL OTTMG TEPLYPAPETAL TOpamave. O Eleyyog
YO TO OV TO YOUETOKVTTOPO £XOVV TUYOV gvepyomombel Katd v dtodkacio Tov
KaBapiopod yivetor mopatnp®vtog To  pEYEBOg TOL TLPMVA TOV  OPCEVIKMV
YOUETOKLTTAP®V pE TV yxpNom Tov avtiodpatog NAP (Nucleasome Assembly Protein)
nov mokootepa ovoudlovtav SET (Pace, 2006). Ta deiypato LovVIHomolovvtal Omme
nepLypaoetat mopomave. tny cvvéyeto tpootifetar 0,5% Triton yio 30 devteporenta.
AxolovBobv 600 dradoyikd Eemddpoto pe PBS. To avticopo NAP/SET mpootifetan
oe PBS pe apaioon 1/1000 kor pe 2% @uotoroyikd opod katoikag (NGS). Axolovbet
EMMAOT LE TO OEVLTEPOYEVEC avTiompo cvvdedepuévo pe Alexa Fluor® 555 mov dropkei
o opo. Movo ta ogtypoto mov mepLEyovv Aydtepo omd 2% evepyomompéva

YOUETOKVTTOPA YPNCLLOTOMONKOYV GTNV TOPOVCH HEAETN.
7.2.18 AEKOVIGN pE 0VOGOPO0PIGHO TOV MOKVGTMOV GE PLOVIIOTOUREVO. OETY AT

Mo va mopoakoiovBnocovpe TV avATTLEN TOV MOKLGTAOV GTO £VIEPH TOV
LOAVGUEVOV KOUVOLTILOV YPNCUOTOMONKE €101KO avTICOUA Y1 TIG WOKVOTES TOL
avayvopilel po Tpoteivn oy kdyovia twv wokvotmv Cap380 (Srinivasan, 2008).
O &vTomIoUOG TV MOKVOTAOV Yivetan pe avocsopBopiopd kabdg o1 ®oKVoTEC OeV lval

OPOTEG LE TO OTTIKO HMKPOOKOTIO GE AYOTEPO A0 dEKO LEPEG LETA TO YEVUA OULOTOG,
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Ta poivopéva kovvovmia avatépuvovror o€ PBS kot ta évtepa dueca tomobetovvton
oe Suwlvpo povyomoinong 4% @oppordsion ko 0,2% ocamovivn oe PBS kot
enwalovtal 6Tov Tayo yia 45 Aentd pe pio dpo. OAa ta akdAovba fripota dteEdyovat
o Beppokpacio dwpatiov kot To deiypa eivar tomofetnpévo Tave oe TAdKO 0vAOELONG
o€ younAn tayvTa. Metd and ovo Eemhdpota oe PBS, 0,2% camovivn yia 15 Aentd,
t0 Ogiypo emwdletar yuoo pion opa o PBS 0,2% ocomovivny, 5% NGS (Sudhvpoa
napeunodiong, All). To mpwtoyevég avticopa a-Cap380 mpootifeton oe opaimon
1/250 og AIT xon enowdleton yio pio ®po og Oeppoxpacio dmpatiov 1 12 dpeg otovg
4°C. AxorovBovv dvo mivoelg pe AIl yio 15 Aentd. H enmaon pe 10 devtepoyevég
avticopa cuvdepévo pe to Alexa Fluor® 555 yia pa dpa o apaioon 1/1000 og ATL
AxoAiovBobv dvo Swadoyikd Eemivpota pe PBS yuoo 15 Aemtd xou mpootifetor
ypwotikn Hoechst 33342 yio to DNA og apaimon 1/2000 ce PBS. Ta dsiypata

eme€epydoTnKav OTMG TEPLYPAPETUL TAPATAVE.
7.2.19 Evtomopnog TV 0O0KVGTAOV 6€ {OVTAVO 16TO e OTTIKO PIKPOGKOTLO

Ye meplocoTepeg omd €K PEPEG UETE TO YEOUA OIULATOG Ol MOKVOTEG Eivat
0poTéG HE TO OMTIKO MKpookoOmo. Ta HOALGUEVE, KOLVOUTIO OVOTELVOVTOL Kot
TOPOTNPOVVIOL GE OMTIKO HIKpookOmo. Na onueiwdel O6t1 kamoleg Qopés Ta
onopolwidto. oV avamTHGoOVTOL HECH OTIS MWOKVOTEG &ivol 0opoTd OTOV OVTEC

Bpiokovtal o€ TPOY®PMUEVO GTASIO OVATTVENG.
7.3 M£00601 KovvovTiAV
7.3.1 EKTpo@1] KOUVOUTTLAV

Yy mapodoa peAétn ypnowonomdnkav ta otedéyn G3 kot NgQusso amd
Anopheles gambiae kovvovmia. Ot IANOVGHOT TOV KOVVOLTOV SUTNPOVVTAL GTO
evtopotpopeio oe otabepr Oeppokpacio 28°C, pe 80% vypacio kol ce KOKAO
evaAlayng ava 12 wpav and pmg og okotadt. Ta Onivkd eviiika kovvovmia Tailovton
UOVO ot OPA HE LY TOVTIKLOL Y10 TNV TOPAY®YN TOV odvy®V Toug. Ot TPovOUPES
JTNPOVVTOL GE OMECTAYUEVO VEPO OV TEPLEYEL TPOOT| YaTOS 68 okdvn. Ta evidika
kovvovma tailovron pe 10% owlvpa ylvkolng oe gumoticpévo Papfdakt mov

tomofeteitanl Tave oto dikTv TOL KAOVB10V.
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7.3.2 Megtddoon mopacitTOV 6T0 KOOVOLTLA

Ta kovvovma TomobeTovvian o€ emmactipa mov PBpickeTanr otovg 19°C ko
otepovvtal yAvkolng yw 3-4 opeg mpwv 1O TAWGHA TOVS. MeTdA TO MPMDTO
EIKOCITETPAMPO amd TO TAICHO HUE HOAVLGUEVO aipa, To ONAVKA KOLVVOLTTLO TOV &V
&xovv mel 1o aipa agoipovvtal. Ta KovvoLTo TOPAUEVOVY GTOV ETMAGTNPO LE GVVEYT
dTpNon ™G vVYPAciog Yo 0G0 XPOVIKO SIACTNLO AToLTEL TO TEIPOLLA Kot TPEPOVTIL

pe d1dAvpa yAukoLng mov avavedvetot kKabe 600 NUEPES.

H petddoon tov mopoacitov 6to KOLVOLTO £Yve HE OVO OLOPOPETIKOVG
Tpomovg. X1 pia tepintmon Ta kovvovmia tailovtal amevheiog 6€ LOAVGUEVA TTOVTIKIO
Hetd omd avaicinoio. O GALOG TpOTOG TallopOTOG €ivat iN VItro T TV KOVVOLTTLMV
og pepPpaveg pe in Vitro KaAMEPYELD WOKIVETOV LETA OO OPOimOT LE OipLol O VYLES
novtikt. To petypo avtd torobeteitan movew o Aemtr pepuPfpdavn (Parafilm) ko pe g101kn
KOTAOKELN dtotnpeitar 6€ @uololoyikny Beppokpacio copatog 36,6°C. Xe kabe

Kataokevn] taiopatog tomobetodvrat 200 pe 300 pl peiypa (Siden, 1997).
7.3.3 MeTd0061 TOV TOPUGITOV 06 TO KOVVOVTTLY,

[Ma tov éAeyyo TG SuVATATNTOG OAOKANPMOONG TOL KUKAOL {MNG TOV TOpUcIT®V
yiveton €Aeyyog yo TNV KAvOTNTO HETAOOCNG TMV TOPAGITOV OO TO HOALGUEVOL
KOVVOUTo G6€ VY TovTikie. Ta Kovvouma dtatnpovvtat Yo 21 puépeg PeTd To yev o
aipatog otoug 19°C. Avtd 10 YpoviKo S1AGTNLO ELVOL ATTOPALTITO Y10 VO GYNUOTIGTOVY
0, 6Topolidla LECH OTIC WOKVGTEG KOl ETELTO VO LETAVAGTEVGOVYV GTOVG GLEAOYOVOUG
AOEVEC TV KOLVOLTILMV £TGL MOTE VO LETOO0HB0VV GTO EMOUEVO ATOUO LE TO TOIUMNLLOL.
Metd and tig 21, pépeg taiCovion pe vywy movrtikie CS7BL/6. Avtd 10 oTéhe)0g
TOVTIKI®V YPNOYOTOLEITAL OTO GUYKEKPLUEVA TTEPAUATO YTl glvon o emMOEKTIKO
oV noAvven and to. omopolmidia Tov €1GAYOVTAL OO TO TGIUMNUO TOV LOAVGUEVOL
kovvouriov (Scheller, 1994). Aeiypo aipatog omd to wovrikio EAEyyeTon KoOnuepva
Y10, TNV TOPOVGia Tapacitev pe ypmon Giemsa. Zuvibwmg pe ta aypiov TOTOL TOPAGLTOL
™G elovooiag N mopacttopio epeavifeton mévte e €61 uEPeC UETE TO TOIUMNUO TOV

KOLVOLTLOV.
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7.4 Teyvikég poproxng Proroyiog
7.4.1 Kataokevl] TAAGHULOIMV Y10, TOV HETAGYNNUTICNO TOPAGIiTOV

[o v mapodboo perétn  kotaokevdomkay €51 véo  OTEAEYM
LETOCYNUOTIGUEVOV TOPAGITOV. XTOL LETUALAYLLOTO OVTE, GTOV YOVIOLOKO TOTO OKTIVY
2 6mov &yel agapebel o avorytd TAMIGLO avayvwong tov yovidiov axtivy 2 (act2-
::mCherry mapdoita) yivetal avtikotdotaon pe €61 SLoPOPETIKA yovidia: To 1610 1O
yovidio axtivy 2, 10 Yovidlo axtivy 1, To yovidio a-axtivy and to Oryctolagus cuniculus
Kot GALQ Tpiol LLopucd Yovidla. XTo TPMTO YLLOPIKO YOVIOlo £xel Yivel avTiKaTtdoTaom
NG KMOKNG TEPLOYNG TNG LIOETIKPATELNG 2 TTov TePEeL Tov D-Bpdyyo oto yovidio
oxtivy 1 pe v avtiotoyn meployn omd to yovido a-oxtivy tov O.cuniculus. H
avtiotpoen mepimtwon elvar 1o dgvTEPO  Yapkd yovido Omov  €xel  yivet
OVTIKOTAGTOOT TG KMOIKNG TEPLOYNG TNS LIToEMIKPATELNG 2 oV ePLE el Tov D-Bpdyyo
o710 Yovidro a-axtivy Tov O.cuniculus pe tnv avtiotoym meployn omd To Yovidlo axtivy
1 am6 to P.berghei. To tpito ypoapikd yovido kmdwkonolei v oktivn 1 amnd t0
P.berghei oto omoio éyet yiver avtikatdotoon tov D-Bpoyyov pe tov D-Bpdyyo g
aktivng 2 and to P.berghei. Ta avtictoyyo petaAlaypuévo Tapactto TOV TPOKLATOVY
gmerta amd avToHE TOLC UETACYNUOTIGHOVG eivor Ta actin2 com, ta actin2 rep, ta Ocact

Ko To, Tpio yponpiid actl chi, a-act chi, actl/act2 D-loop.

H otpammywn mov akoAovOnOnke yioo tqv KOTOOKELT] TOV UETOAAXYUEVOV
nopacitov gival kown. ‘Eva amloromuévo oynua yo ta actin2 com kot to actin2 rep
nopovctaletor oty ewkova  3.2A. Ot mAaoUOOKEG  KOTOOKEVEG Yol  TOV
LETOOYMNUOTIOHO TV act2-::mCherry napacitov @TidytnKay 6Tov Thacudiokd popéa
pSD141, napdywyo tov mAacdtakod gopéa PLO006 mov kwdikonotel To avOpdmivo
yovidlo ¢ avayoydong tov dwdpoeuiikod o&éoc (hdhfr) mov mpocdidet
avOextikodTo 610 eappaxo WR99210 kat tnv mupipedapivn (de Koning-Ward, 2000,
Billker, 2004). 2700 ebyn Paoewv amd v 5 mhevpikn meproyn kon 728 {evyn Paoewmv
amd ™V 3 TAEVPIKT TEPLOYN TOV Yovidiov axtivy 2 tov P.berghei molamlacidotnkay
a6 to yevoukdé DNA ypnoyomotdvtag Toug KatdAANAoVS EKKIVITEG GE AAVGLOMTY
avtiopaon moivuepaons. Ta tunpoto KA@vomomoOnKav otov TAACUOKO (OpEn

LETOED TOV TEPLOY OV avayvdpiong and ta meptopiotikd Eviopa Kpnl kot Nhel ko Notl
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ka1 ECORI avtiototryo. Meta&d twv meploydv avoyvopiong omd o TeploptoTika Eviv o
Nhel kot Notl torofetnkav ta avorytd TAaiclo avayveong Tov eKGoToTE YoVIdimy
o k00 mAaouidtokn Kataokevn. Ta Tunpota avtd eiyay apyikd ToAAATA0GLOCTEL OO

10 Yevouikdé DNA tov mapacitov ¥pnoylonoidvtag Toug KOTIAANAOVS EKKIVITEC.

INo ta petodddypoto actl chi kow a-act chi, and ta avorytd TAaicio avayvoong
TV Yovidiov axtivy 1 amd to P.berghei ko a-axtivy and to O.cuniculus agoipédnke
N vroemikpateln 2 mov wepEyel tov D-Bpdyyo avtictorya. v B€on avt etonyn n
voemikpateln, 2 mov mepiéyel tov D-Bpoyyxo amd to P.berghei oto mpdto xot to
O.cuniculus oto devtepo. Ot véeg meployég evooUATOONKAV oTa avoryTd TAaiclo
avayvoong Tov yovidiov petabd tov 8écenv Tov meplopiotikdv eviopwv Aatll kot
Nrul. T to ypopkd petdAraypo actl/act2 D-loop ywa v avtikotdotoon tov D-
Bpoyyov g oaxtiving I pe tov D-Bpodyyo g axtivng 2 oto yovidwo axtivyp 1
ypnowonomdnke 1 péBodoc GAVGIOMTNG OvTIOpaoNG TOAvUEPAONG HE OAANAO-
EMKOALTTONEVO TUNHOTA. Apykd, éva Tuquo mov Eekvdel amd v 5™ mAevpikn
TePLOYN TOV Yovidiov axtivy 1 kot teAeudvel Tpv v Evapén e aAiniovyiog Tov D-
Bpoyyov moAlamracialetor omd yevopkd DNA pe toug katdAiniovg exkkivntés. To
TUN MO QVTO GTO TEAOG TOV PEPEL EMTPOSHETN aAANAOVYi0, AAANAO-EMKOAVTTTOUEVT LE
aAAniovyia mov PpiokeTor oTNV apyn TS TEPLOYNS OV Kmdtkorolel Tov D-Bpodyyo g
axtivng 2. Metd v aAAniovyia mov Kwdwkonolel tov D-Bpoyyo (vovkieotidwn 112 Emg
183 o710 Yovidio g axtivng 1) n aAAniovyia tov 81 vovkieotdiwv mov akoAovOel
gtvort Opota ko 6to, Vo Yovidio Tov Kmdikomolohv Tig aktives oto P.berghei. H meployn
nov kwdwkomotel Tov D-Bpdyyxo g aktivng 2 Kot 1 0AANAO-EMIKOAVTTOUEVT] TEPLOYN
HETAED TV 0V0 160HOPP®V ToALaTAaCIACeTan pe (eVY0g KATAAANA®Y ekKivTdv. Mia
Tpitn mepoyn moAlomAoctaletonr mov Eekvdel amd TNV OAANAO-EMIKAAVTTONEVN
TEPLOYN HETA TNV TTEPLOYT| TOL Kwdkomotel Tov D-Bpodyyo kot tedeldvel 6to T€A0G TOV
avoryTov TAoLciov avéyvaoong tov yovidiov axtivy 1. Ta tpia mpoidvia avaperyvhoviot
Kol VRPOOTOOVVTOL LETAED TOVG OTNV 10100 GAVGIOMTN AVTIOPAoT TOALUEPEONG Y MPIG
TNV TOPOLGia AAL®V eKKvnT@V. To TPoidv avTig TS avTidpaonS XPNOILOTOLEITAL MG
UATPO GE CALGLOMTN OVTIOPAOT TOAVUEPAONG UE KOTAAANAOLG EKKIVITEC Yol TOV

TOALOTAQGLOGLO TOV YLUALPIKOV YOVISIOV.
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Ewova 7.1. Katackeon ypoipuov yovidiov actl/act2 D-loop. Tlpodto Prpoe (step 1): amd tov
yovidiakd tomo axtivy 1 modlamhoaoidlovtar pe PCR 600 Tufipoto e Toug eKKIVITEG TOV QOivOVTOL 6TV
gwova. To éva Tuua Eekvaet omd 1o 5'FR kot tedewdvetl mpv v aAiniovyio Tov kwdikonotet tov D-
Bpoyyo (D-loop) g axtivng 1. Kabodikd @épet pépog amd tv apyn g aAiniovyiog mov kmdwomolel
tov D-Bpodyyo g axtivng 2, to omolo mpooténke amd tov exkkivnti. To dedtepo tpunpa Eekvdier ond
v Kown aAAnAiovyio (common sequence, C.S.) ota 600 yovidio mov Ppicketan petd tov D-Bpdyyo kot
TEAEIDVEL 6TO TEAOG TOV avotyToV TAALGIOV avayveong tov yovidiov axtivy 1. And tov yovidlokd tomo
okTivy) 2 TOAMATAOGCLALETOL e TOVG KOTAAANAOVG €KKIVNTEG €vol TUNHO TOL GULUTEPAOUPAVEL TV
aAAniovyia Tov D-Bpoyyxov g aktivng 2 kot v kown oaAiniovyio. Agbtepo Ppa (step 2): ta tpia
TUHOTO AmOTEAOVV UTPOL TO €val e To GALO og pua ko1 avtidpacn PCR ywpic mpoctnkn dAiwov
ekkivntov. Briua 3 (step 3): and 10 mpoidv tng mpornyolduevng avtidopoorng moilamiacialetol T0
actl/act2 D-loop yyoaipikd yovidio pe Tovg EKKIVITEG TTOL GaivovTal 6TV EIKOVA.

Olo 1o mAoopio k6PBovion oe o povadikn 0éon mov Ppioketor omnv
5'mhevpikn meployn pe 1o mepoplotikd Evlvpo Clal. Xty ovvéyelo ta mAacuidia
YPNOLLOTOLOVVTAL Y10 TOV HETACYNHATIONO TV act2-::mCherry nopocitov ota omoia
anovotdlel  kacéta aviektikotntag (Kooij, 2012). Ta napdoita KA®MVOTO100uVToL Kot
N EVOOUATOON TNG TAACUIOIOKNG KOTOOKEVNS otV omoth 0éom o10 yovidiopa
TOVTOTOIEITOL € YOVOTUTIKO EAEYX0 HE OALGO®MTY avTidpacn molvpepdong
YPNOLOTOLDVTOG TOVG KOTAAANAOVG EKKIVITEG. LTIV TEPimT®on TV actin2 com kot
actin2 rep mopocitov £yve YOVOTUTIKOG EAEYYOG Kal LE oTOT®O. Kotd Southern, omwmg

aVTO TEPLYPAPETAL TOPAKAT®.
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7.4.2 Troropo kota Southern

I'o 1o otomopa katd Southern, to yevoutkdé DNA k6Beton e ta TeploploTikd
évlopo. BamHI xar EcoRI. To yevopuwkdé DNA amd act2-::mcherry mopdocita
ypnooromdnke mg detypa eréyyov. Ta Opavopata mov TpokvITovy Stoympilovtan
oe TNKTORo ayopdlng. Metd v niextpoedpnon, 1o DNA petapépeton oe vaiov
eiAtpo Ko vPpiletan pe éva tunuo 2700 Cevyn Pdoemv amd v 5 TAELPIKN TEPLOYN
TOVL YOV1610V aKkTivr 2, TO 01010 £XEL OPY KA TOAAOTANGIOCTEL LE AAVGLOMT AVTIOPOIOT
molvpepaonc. To tunuo avtd oNUOIVETOL KOL OVIXVEVETOL YPTCLOTOIMVTOS TO
eunopkd mopookevooua DIG (digoxigenin) High Prime DNA Labelling and Detection
Starter Kit Il (Roche) odupwva pe t1c odnyieg Tov Kotookevoaoty. Ot
CUUTANPOUATIKEG OAANAOLYIES amoKaAVTTOVION o€ OiAN oaktivov X HETA omod

OVOGOEVTOTIGUO TNG O10&vuyeviving.
7.4.3 Aropévoon yevopikod DNA

I'evouikd DNA amopovodnke gite amd aipo LOACUEVOV TOVTIKOV E1TE Ao Tal
EVIEPO. KOLVOLTIMV. XTNV TPAOTN TEPimTton oto oipa yiveron emeepyoacio pe
YAOPLOVYO CUUMOVIO, OTWS KOl GTNV TEPIMTMOOT TOV WOKIVETMV OV TEPLYPUPETOL GE
TOPOTAV®  EVOTNTO. XTNV  OEDTEPN TEPIMTMON TO £EVIEPU TMOV  KOLVOLTLOV
moAtomolovvtonl pnyovikd. Kot otig 000 mepimt®doelg o1 TEALTEG TOV OEYUATOV
emavoadorvoviat og 700l dtodvpotog TNE (10 mM Tris pH 8.0, 5 mM EDTA pH 8.0,
100 mM NaCl). Xg avtd npootifevrar RNAse 200 pg/ml kar 1% (6yko kat’ dyko) SDS.
Ta detypata emwalovtat ya déka Aemtd otovg 37°C. INvetar TpocHNKN mpwTeiviong
K ovykévrpwong 200 pg/ml kai to deiypato emwalovrot yio GAAN po dpa otovg 37°C.
H oamopdévmon yivetow pe @owvodn, pe upeiypa phenol:chloroform:isoamylalcohol
(25:24:1) xou éhog pe yYropopopuo. To DNA katakpnuviCeton pe oamdivtn anbovorn,
Eemhéveron pe 70% oBovorn Ko erovadloAveTal 6TOV EMBVUNTO GYKO OMESTAYUEVOL

KOl OTTIOVIGULEVOD VEPOD.
7.4.4 Antopoévoon RNA

200 pl porvopévov aipartog avapryvbovrar pe 750ul TRI® reagent BD kot 50

ul o&wov o&éog. TIpootibetan YAwpo@opuo kot o peiypa avadedetor viova yio. 15
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devtepoienta. AkolovOel emmaon o Beprokpacio dSwUATION Yo TEPITOV dEKU AETTAL.
To delypa puyokevrpeitar o 19 000Xg yuo 15 Aentd 6toug 4°C. H emdived vddtivn gdon
mov epExel o RNA katakpnuviletan pe 1oompomavorn, n nedéta EemAévetan pe 75%
afavorn, oTeyvmVETOL 6TOV aépa Kot emavadiardetor oe 20ul vepd mov mepiéyet

Diethylpyrocarbonate (DEPC).
7.4.5 XovBeon cDNA

Iveton eneepyacio tov amopovopévov RNA pe to évivpo DNAse (Qiagen)
Yy TV amaAiayr) tov delypatog amd toydv vroleippata yevouukod DNA katd v
amopovoon. Akolovdel kabapiopdg tov deiypatog pe to RNeasy MinElute Cleanup
(Qiagen). H otvbeomn tov cDNA yivetor ocdpeova pe to mpmtokoAro Thermoscript™
system. IMopdriinia mpootiBevton kot o avactoréag Yo RNase, Superase™ inhibitor
(Invitrogen). Na onpeiwdei 01t yio va givor cuykpiotpa ta deiypoto, n obvheon yivetat
pe v o mocotnta RNA. O éheyyog tov CDNA yiveton pe alvodwt aviidpoaon
nolvuepdone avtiotpoene petaypapns (RT-PCR). H omovsio yevouikod DNA
e éyyetan pe exkivntég (gapdh intron primers) mov oto yevopukd DNA mlaicidvovy

évo vtpovio oto yovidio gapdh.
7.4.6 AAo1ooT] avTidopact TOAPEPHEONS TPAYRATIKOV YPOVOV

H olvowdom avtidpoaon molvpepdong mpaypatikov ypovov (qRT-PCR)
YPNOUOTOONKE Y10l TNV TOGOTIKOTOINGT| TNG EKPPUCTG CVYKEKPIUEVOV LETAYPAPOV.
H obvBeon tov derypdatwv CDNA mov xpnoyomomonkoy ot TEPAROTE QVTA EYIVE LE
2 ng ovvolkov RNA and kdbe detypo. T'a v moootikomoinon tng yYovISIoKNS
ékppaong éywve ypnon tov KAPA SYBR FAST gPCR Kit Master Mix (2x) ABI Prism.
IMa k4B Broroykd detypa, n avrtidopaor emovorlednke Tpelg popéc. H avaivon €yve
He T0 pobnuotikd poviédo oyetikng mocotikonoinong tov Pfaffl (Pfaffl, 2001). Ot
TILES EKOPOONG TV VIO PEAETN YOVIOI®V KOVOVIKOTOLOUVTOL LE TO EMIMESQ EKPPOUCNG
TOL YOVI3IOV avapopag debdpoyovaon g 3-emcpopikng yAvkepordebong (GAPDH)
(Boysen, 2011).
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7.4.7 Avélvon pe PIKPOGVGTOLYLES YOVIOI®V

Ta mepduoto pe piKpoovototyieg yovidiov £ywvav pe vpprdomoinon dvo
YPOLOPOpwV. T va eE0GPOAMGOVLE GTATIOTIKA CNUAVTIKA 0ES0UEVA AaUPAvOVTaG
VIOYV TOL OMOTEAEGHOTO OV Oivel KAOE Yp®UOEOPO, EPAPUOCTNKE M HEOOJOG e
evolayn omv vppdonoinon pe kabe ypopopdpo (color-swap dye-reversal
hybridizations) (Churchill, 2002). H cuavon tov RNA éywve pe to two-color Quick
Amp Labeling Kit (Agilent Technologies) coupwva. pe Tig 0dNYiec TOL KOTOUGKELAOTY.
Yvvontikd, 10 RNA amopovaveTat Kot yivetal ToGOTIKOS Kot TO0TIKOG EAEYYOC LE TOL
ovotiuata Agilent 2100 Bioanalyzer pe RNA Nano 6000 microfluidics kit (Agilent
Technologies) kow NanoDrop 1000 UV-Vis spectrophotometer (Kisker). AxoAovOel
avtidpaon avtioTpoene puetaypapng Kot toAlomiactoouod ue oligo-dT-T7 promoter
exkkvntég kot onpavon pe Cyanine 3-CTP 1 Cyanine 5-CTP. Metd v kataxpfiuvion,
Tov KoBopiopd Kou v mocotikomoinon, 1,25 pg amd kdbe onuacpévo cDNA
vPpdomoteitar pe HKPOGLGTOLYiEG OAOKANPOL TOL Yovididpatog tov P.berghei
(Design ID Agilent-024169) coppova pe tig 0dnyiec tov Katackevaoti. H cdpmon
OTI LIKPOGLOTOTYIEG YivETOL LE OVAALGN 5 WM pE TV ¥PNoN Tov capmt A&lep yia
wkpoovotoyieg G2565CA (Agilent Technologies). Ta dedopéva and TG €KOVES
avoivovtot pe to Tpdypappa Image Analysis/Feature Extraction software G2567AA
v. A.11.0.1.1 (Agilent Technologies) ypnowomoldvtag T1g apyikés puOuioels Kot to
npwtokolo GE2 1100 Julll. Ta apyeic MAGE-ML avolvovior pe to Rosetta
Resolver, Build 7.2.2 SP1.31 (Rosetta Biosoftware). To mpo@ik yovidlokng EKpacmg
o€ eMimedo aAANAovy OV avapopds meplopileTar o avtd mov 1 ékepaon eivarl 1,5
QOPEG HEYOADTEPN N HUKPOTEPTN OTO UETOAAAYLOTO GE GYEOM HE TO. oypiov TOTOL
TOPAG1TO KO TOL LIAPYEL GTOTIOTIKG onpavTikny dtapopd (P<0,01). Ta aroteAéopata
VNG ™G aviivong £xovv katatebei 6to NCBI's Gene Expression Omnibus kot givat
npocPaoya péom tov kmdkdv GSE65032 ot GPL19614. Na onuewwbel 6t1 M
Tapamdve avalvon éywve and tov cvvepydrn pag Hans-Joachim Mollenkopf oto

wotitovto Max Planck oto Bepolivo.
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Malaria parasites have two actin isoforms, ubiqui-
tous actin1 and specialized actin2. Actin2 is essen-
tial for late male gametogenesis, prior to egress
from the host erythrocyte. Here, we examined
whether the two actins fulfil overlapping functions
in Plasmodium berghei. Replacement of actin2
with actin1 resulted in partial complementation of
the defects in male gametogenesis and, thus,
viable ookinetes were formed, able to invade the
midgut epithelium and develop into oocysts.
However, these remained small and their DNA was
undetectable at day 8 after infection. As a conse-
quence sporogony did not occur, resulting in a
complete block of parasite transmission. Further-
more, we show that expression of actin2 is tightly
controlled in female stages. The actin2transcript is
translationally repressed in female gametocytes,
but translated in female gametes. The protein
persists until mature ookinetes; this expression
is strictly dependent on the maternally derived
expression. Genetic crosses revealed that actin2
functions at an early stage of ookinete formation
and that parasites lacking actin2 are unable to
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undergo sporogony in the mosquito midgut. Our
results provide insights into the specialized role of
actin2 in Plasmodium development in the mos-
quito and suggest that the two actin isoforms have
distinct biological functions.

Introduction

Transmission of malarial parasites to the mosquito and
the ensuing differentiation and population expansion
phases in the vector represent a very complex develop-
mental programme in the Plasmodium life cycle, which
requires the initiation of sexual stage development in the
blood of the vertebrate host. Although the duration of
gametocytogenesis within the red blood cell differs
between Plasmodium species, the cell cycle of mature
gametocytes is suspended until taken up by a mosquito
host with a blood meal (Baker, 2010). Immediately after
uptake, the male and female gametocytes are activated
and develop into fertile gametes, which fuse to form a
zygote about 1 h later. An unusual aspect is that meiosis
immediately follows zygote formation, resulting in the
development of a cell containing four haploid genomes.
The round zygote is then remodelled: a microtubule
organizing centre (MTOC) is laid down close to the cell
membrane and from this, microtubules are nucleated and
an elongation of the cell is initiated through their exten-
sion. This form of the cell is called a retort. Gradual elon-
gation results in the formation of the polar ookinete within
the next ~ 15 h (Sinden, 1999). The ookinete is a motile
cell, using gliding motility to traverse midgut epithelial cells
(Vlachou et al., 2004). Once it reaches the basal side of
the epithelial cell, extensive reorganization of the parasite
follows, resulting in the formation of the round oocyst,
which is surrounded by a capsule. In this cell, a series of
synchronous mitotic divisions (~ 13) in a syncytium lead to
the formation of several thousand nuclei in each oocyst
(Sinden, 1999). The apicoplast and mitochondrion are
also replicated (Stanway et al., 2009) and massive protein
synthesis takes place followed by the formation of secre-
tory organelles. During the final phases, about 10-12
days after the blood meal, budding produces the indi-
vidual sporozoites. Breakdown of the oocyst capsule

cellular microbiology


mailto:inga@imbb.forth.gr

2 M. Andreadaki et al.

finally results in the release of the sporozoites into the
haemocoel (Aly and Matuschewski, 2005).

As all Plasmodium parasites, P. berghei expresses
two conventional actin isoforms, the ubiquitous actini
(PBANKA_145930) and a specialized actin2 (PBANKA_
103010) (Wesseling et al., 1988; Gardner et al., 2002;
Schuler and Matuschewski, 2006). [The gene PBANKA _
103010, was previously referred to as actin I (Deligianni
et al.,2011) and actin 2 (Kooij et al., 2012); it will be named
actin2 in this article. Ubiquitous actin, PBANKA_145930,
called actin I, will be named actin1]. Both actin isoforms
have the ability to form actin filaments in vitro (Schmitz
et al., 2005; 2010; Schuler et al., 2005; Skillman et al.,
2011). While the actin1 gene is essential, actin2 can be
deleted in P. berghei (Deligianni et al., 2011). Our previous
detailed genetic and cell biological analysis revealed that
actin2 has a critical role in male gametogenesis. Mutant
male gametocytes were severely blocked in egress, and,
while axonemes were formed, these were not activated. As
a result exflagellation was reduced to almost undetectable
levels, and only a very small number of ookinetes were
occasionally formed. However, not a single oocyst was
ever detected after feeding the mutant to mosquitoes
(Deligianni et al., 2011). While this study employing clas-
sical gene deletion revealed critical roles for actin2 in male
gametogenesis, additional important functions later in the
Plasmodium life cycle, for example during the stages in the
mosquito vector, remain unknown.

Here, we investigated whether open reading frame
(ORF) swapping with that of ubiquitous actin? could
restore the function of actin2. Using this isoform comple-
mentation approach we could show that resulting para-
sites were able to form ookinetes, albeit at reduced
numbers. Surprisingly, the resulting oocysts were com-
pletely blocked in sporogony. To study this second
function of actin2 we employed genetic crosses. We dem-
onstrate that in addition to its role in male gametogenesis

actin2 has an essential function during early ookinete
formation, and lack of actin2 ultimately manifests as a
complete block in sporogony.

Results

Replacement of actin2 with actin1 leads to a reduction
of ookinete formation

A longstanding question is whether the two Plasmodium
actin isoforms have related molecular functions or
whether they play distinct roles in the cell. Because of the
critical function of actin1 for the growth of asexual blood
stages, the phase of the life cycle where transfection is
performed, we focused our study on modifying the actin2
gene. Our strategy aimed at replacing the actin2 ORF with
that of actin1. For this we used a recipient line where the
complete ORF of actin2 had been deleted and the mutant
strain had been recycled to remove the resistance cas-
sette (Kooij et al., 2012) (Fig. S1). Similar to our original
actll(-) mutant (Deligianni et al., 2011) this strain was
incapable of exflagellation.

The recipient line was transfected with a construct con-
taining the actin1 ORF under the control of the actin2 5'-
and 3’-flanking regions (FR) resulting in the act2rep
mutant. Because the recipient actin2::mCherry mutant
already contained several kbp of foreign DNA, we also
verified that we could complement the actin2 deletion by
an analogous construct, containing the actin2 ORF under
its own 5” and 3’FR, thus restoring the correct expression
of the gene in the act2com mutant (Fig. 1A, Fig. S1). For
both constructs recombinant parasites harbouring the
predicted genetic modifications were obtained and cloned
using limiting dilution (Fig. S1).

We then investigated the fertility of the two lines.
Exflagellation of the act2rep parasites was roughly 10-fold
reduced compared to the act2 com strain (J. Vahakoski

Fig. 1. Expression of actin1 cannot replace the function of actin2 in oocyst development.

A. Schematic representation of the complementation (act2com) and replacement constructs (act2rep). The recipient strain where the ORF of
the actin2 gene had been deleted contained the actin2 5'FR directly upstream of the coding region of mCherry, a GFP cassette followed by
actin2 3’'FR. This strain was transfected with two identical constructs except for the ORF, which was actin2 (blue arrow) and actin? (orange
arrow) in act2com and act2rep respectively. The ORF was inserted between 2.7 kb of the actin2 5’'FR and 728 bp of the actin2 3'FR and the
vector in addition contained the human DHFR encoding gene. A single cross-over integration in the 5’'FR of the deleted actin2 gene resulted in
integration of the transgenes in the actin2 locus, followed by the hDHFR cassette and the duplicated actin2 5’'FR. For full description of the
strategy and the verification of the mutants see Fig. S1B.

B. Expression of actin1 under actin2 regulatory elements results in significantly less efficient ookinete formation compared to WT and the
act2com strain. ***P < 0.0001 Student’s t-test.

C. Expression of actin1 under actin2 regulatory elements leads to a complete block in oocyst formation. Experiments 1 and 2 were performed
by feeding A. gambiae mosquitoes on infected mice (darker blue and green). The oocysts were counted at day 12. In experiment 3 ookinetes
(3 x 10° of each strain) from in vitro cultures were fed using a membrane feeder (lighter blue and green) and oocysts scored at day 11. No
oocysts were detected in the act2rep fed mosquitoes. Act2com blue circles, act2 rep green squares. ***P < 0.0001 Kruskal-Wallis
non-parametric test.

D. RT-PCR of cDNA originating from act2com and act2rep mixed blood stages. The A2UF primer binding to the actin2 5’FR was used in both
samples while the reverse primers were specific for each ORF (green arrows in A). The act2rep-specific fragment was amplified slightly more
efficiently (1.6-fold) than the act2com fragment, determined by measuring the intensity of the bands and normalizing the two cDNA samples
with primers specific for Pbmap2 (PBANKA_093370). The primers were normalized using WT and act2rep gDNA respectively.

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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et al., unpublished). Ookinete conversion of the act2com
strain was restored to WT numbers (Fig. 1B), confirming
that the complementation was successful. The conversion
of the act2rep strain, on the other hand, was reduced more
than sixfold, but ookinetes were always detected, and we
were able to obtain moderate numbers of ookinetes from
act2rep. This is in contrast to the actin2 deletion mutants
where only occasionally very few ookinetes were detected
(Deligianni et al., 2011). These findings show that actin1
can partially restore the essential functions of actin2 during
male exflagellation when its expression is controlled by the

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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actin2 regulatory elements. The fact that the act2rep
mutant formed ookinetes allowed us to investigate the role
of actin2 in the mosquito midgut stages.

Replacement of actin2 with actin1 blocks transmission
through the mosquito

To determine whether the ookinetes were able to develop
into oocysts we fed mosquitoes on act2com- and act2rep-
infected mice. In two independent experiments oocysts
were detected in mosquitoes fed with act2com, while we
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did not detect a single oocyst in the act2rep-infected mos-
quitoes (Fig. 1C). We confirmed this result by feeding
mosquitoes on equal numbers of in vitro cultured
ookinetes, to exclude the possibility that the results were
due to substantially fewer ookinetes having formed in the
act2rep strain. Again, oocysts were only found in the
act2com-infected midguts and no oocysts were detected
in the mosquitoes fed with act2rep ookinetes (Fig. 1C).
Taken together, these data suggested that the act2rep
ookinetes were not able to complete sporogony.

One interpretation of these results is that actin1 is not
produced in amounts similar to actin2. It is not possible to
directly determine the amount of actin1 protein produced
from the actin2 locus, due to the fact that it is also pro-
duced from the WT actin1 gene and is present in the same
cellular compartment (Deligianni et al., 2011). We there-
fore performed RT-PCR (reverse transcription PCR)
experiments to determine whether both transgenes are
equally transcribed into mRNA (Fig. 1D). cDNA was pre-
pared from mixed blood stages of the two strains, and
specific primers were used to amplify fragments corre-
sponding to each of the two transgenes. The results indi-
cate that transcript levels of the actin2 and actin1
transgenes are similar in the act2com and act2rep strains
respectively. Thus gene expression regulated by the
actin2 cis-elements is, at least in this case, independent of
the identity of the ORF.

Act2rep oocysts are formed but do not
undergo sporogony

The failure to detect act2rep oocysts in these experiments
could be due either to a failure of the ookinetes to traverse
the midgut epithelium or to arrested oocyst development.
It is known that motility of the ookinete is necessary for
traversal of the epithelium (see for example Dessens
etal., 1999; Vlachou et al., 2004; Siden-Kiamos et al.,
2006). To exclude that the act2rep ookinetes were
affected in their motility, we used a motility assay employ-
ing matrigel (Moon et al., 2009). Our results show that
there is no detectable difference in the motility of the
act2rep ookinetes compared to WT (Fig. 2A, Movies S1
and S2). The speed was measured and found to be
5.7 um min~' (mean of nine ookinetes) which is similar to
that of WT ookinetes (6 um min~'). In order to recognize
even small oocysts, we labelled the oocysts with an anti-
body against the oocyst capsule protein Cap380
(Srinivasan et al., 2008) and stained the nuclei for DNA.
Mosquitoes were fed on mice infected with the two
strains. Oocysts were detected as early as day 3 after
feeding in the act2com but not in the act2rep-fed mosqui-
toes, a result possibly due to the very small number of
oocysts developing in this strain (Fig. 2B,a). At day 8, very
few oocysts (7 in 11 midguts) were detected, which were

all significantly smaller than the developing act2com
oocysts and which contained no detectable DNA
(Fig. 2B,b,d). Eleven days after blood feeding, a few
act2rep oocysts (5 in 20 midguts) were detected; the
difference in size of the oocysts of the two strains was
even more pronounced (Fig. 2B,c,e), which was verified
by measurements of the area of the oocyst (Fig. 2C). We
confirmed the apparent loss of the genomic DNA in the
actzrep oocysts by performing PCR of infected midguts
using primers for the gapdh gene, which specifically
amplifies parasite DNA. This showed that the actZrep
DNA was lost while, as expected, act2com DNA was
present at all three time points (Fig. 2D).

We also fed naive mice on mosquitoes infected with
these two strains. As expected, no infection was estab-
lished from the actlrep-infected mosquitoes, while
the act2com-infected mosquitoes repeatedly produced
infections in all mice with an average pre-patent period of
5 days (data not shown).

Taken together, these results suggest that the functions
of actin1 and actin2 in the mosquito vector are distinct.
Furthermore, it also suggests that actin2 has two con-
secutive essential functions. In addition to the previously
described role in male gametogenesis (Deligianni et al.,
2011), this actin isoform is also critical for sporogony and,
importantly, this second function is independent of the role
in gametogenesis.

Actin2 is expressed during ookinete development

We previously reported that the actin2 gene was specifi-
cally transcribed in gametocytes of both sexes and not in
asexual forms during the blood stages, and that the
protein is present only in male gametocytes (Deligianni
et al., 2011). Our new experiments indicated that actin2
was expressed during additional stages of the parasite life
cycle. To investigate this we performed RT-PCR analysis
on mature ookinetes, and mosquito midguts containing
oocysts (Fig. 3A). The actin2 transcript was detected in
the ookinete sample, but not in oocysts. Actin1, on the
other hand, was constitutively transcribed during oocyst
maturation.

We next performed immunofluorescence assays (IFA)
of ookinetes to determine the localization of actin2. We
made use of a strain expressing a GFP-actin2 fusion
protein encoded by an episomal construct as previously
described (Deligianni efal., 2011). The episome also
carries a gene conferring resistance to the antifolate
pyrimethamine, as a positive selection for its presence in
the parasites. Ookinetes of this strain developed normally
from parasites cultivated in the presence of a low concen-
tration of the antifolate and expressed the GFP-actin2
fusion protein, visualized by labelling with an antibody
against GFP. In addition, an antiserum directed against

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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Fig. 2. The act2rep strain forms abnormal oocysts.

A. Gliding of WT and act2rep ookinetes in Matrigel™ is illustrated with representative frames from time-lapse videos (Movies S1 and S2). The
black asterisk marks the apical end of the ookinete. Scale bar, 20 pm.

B. act2com (a,b,c) and act2rep (d,e) oocysts labelled with the Cap380 (green) antibody and stained for DNA (blue). At 3 days (a) only
act2com oocysts were detected. At 8 (b,d) and 11 days (c,e) the act2 rep oocysts are small and their DNA hardly visible comparable to the
developed act2com oocysts. Act2com oocysts have developed into big oocysts at day 11 and the DNA has replicated. Scale bar, 10 um.

C. The area of the oocysts at day 3, 8 and 11. Act2 com: red circles, act2rep: grey squares. The act2rep oocysts do not grow in size beyond
3 days. **P < 0.005, ***P < 0.001, Student’s ttest.

D. The act2rep is lost during oocyst development. Genotyping of mosquitoes fed with the two strains separately. PCR was performed on
genomic DNA isolated from dissected mosquito midguts using primers specific for the P. berghei gapdh gene and the ribosomal S7 gene of
A. gambiae as control. Samples correspond to mosquitoes dissected 3, 8 and 11 days after blood feeding.

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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actin2 was also employed. In both cases the protein was
detected in the cytoplasm, in a diffuse pattern with no
obvious discrete localization, and it was excluded from the
nucleus (Fig. 3B).

We next followed expression of the GFP—actin2 fusion
protein during development from zygotes to ookinetes.
Samples from an ookinete culture were removed at differ-

18h.
2‘Ih.

Fig. 3. Expression of actin2 in mosquito
midgut stages.

A. Reverse transcription PCR analysis of
expression of actin2 in ookinetes (ook) and
oocyst containing midguts at 3, 8 and 12 days
after blood feeding. Primers specific for
ubiquitous actin1 was used for normalization.
B. Actin2 is localized in the cytoplasm of
mature ookinetes. (a—c) IFA of a WT ookinete
using the actin2 antiserum (a, b, green). (d—f)
Labelling of an ookinete expressing the
GFP-actin2 fusion protein with anti-GFP
antibody (d,e, green) and the 13.1 antibody
recognizing Pbs21 (d, red). DNA was stained
with TO-PRO (a,c,d,f, blue). Images are
projections from confocal stacks. Scale bar,
5um.

C. GFP-actin2 expression during zygote to
ookinete development. Left panel: live
imaging of GFP and corresponding bright-field
images (BF). Brightness of signal has been
adjusted for clarity and is not comparable
between images. Right panel: Developing
ookinetes were fixed and labelled with
antibodies recognizing GFP and Pbs21. The
time of each sample is indicated on the left of
each panel (h after seeding of the culture).
Pictures were taken using an epifluorescence
microscope.

Pbs21

ent time points after seeding. At the early time points (3, 6,
9 h) live cells were imaged using an epifluorescence
microscope. At later time points (12, 15, 18, 21 h) the
samples were fixed and labelled with antibodies directed
against GFP and the surface protein Pbs21 (Fig. 3C). The
protein was detected already at 3 h after the seeding of
the culture. In the retort forms (12 and 15 h after seeding

© 2014 John Wiley & Sons Ltd, Cellular Microbiology




the culture) the fusion protein was mainly present in the
round residual cell, while comparatively less was present
in the extension of the cell. At later stages the label was
detected in the cytoplasm of the cell, with no discrete
localization.

Attempts to detect the protein in oocysts using either
the GFP fusion strain or the antiserum were unsuccessful
(data not shown). In conclusion, actin2 is expressed
during the first critical phase of mosquito colonization, i.e.
maturation of Plasmodium ookinetes.

Parasites lacking actin2 are lost during
oocyst development

We previously characterized a knockout mutant of actin2,
named actll(-), which was blocked in male game-
togenesis and thus formed negligible numbers of
ookinetes and no oocysts upon transmission to mosqui-
toes (Deligianni et al.,, 2011). This mutant was used to
investigate the function of actin2 in midgut stages by
performing genetic crosses to WT parasites. In these
experiments the male and female gametocytes will form a
mixture of WT ookinetes and heterozygous ookinetes,
resulting from a cross between WT male gametocytes and
actll(-) females (Fig. 4A). Mosquitoes were fed on mice,
which had been double-infected with WT and actli(-)
parasites. In parallel, an in vitro culture of ookinetes was
seeded with blood from the same animal. Diagnostic PCR
was performed to follow the presence of the mutant during
oocyst development (Fig. 4B). As expected, both WT and
mutant were detected in the ookinete sample, while
oocysts bearing the mutant actll(-) gene were only
present at the initial phase of oocyst development; the
mutant genotype was no longer detected in oocysts at day
8 or in salivary gland sporozoites. Consequently, when
infected mosquitoes were fed to naive mice, only the WT
genotype was detected (data not shown).

Oocysts derived from heterozygous ookinetes are
blocked in sporogony

Since in these experiments normal proliferation of WT
oocysts obscured any phenotype of the mutant oocysts
we next performed an in vitro genetic cross of the actll(-)
strain with the strain Ap47, which only produces fertile
males (van Dijk et al., 2010). An ookinete culture was
seeded with blood from mice infected with each strain
separately, and the culture was then fed to mosquitoes, as
it has been observed that the Ap47 strain can inefficiently
develop into oocysts when gametocytes are fed to mos-
quitoes (van Dijk et al., 2010). All ookinetes resulting from
the cross actll(-)xAp47 are heterozygous for the actin2
gene (actin2/+, in the following the female genotype is

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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Fig. 4. Genetic cross between WT and actll(-) mutant
gametocytes and genotyping of resulting oocysts reveals the loss
of the actinll- genomic DNA during oocyst development.

A. Schematic of the cross between WT (blue) and actll(-)
gametocytes (red), of which only the females are fertile. WT male
gametocytes can fertilize either WT or actll(-) females. Two
populations of ookinetes are formed, those being homozygous WT
for the actin2 locus and those being heterozygous actin2 /+.
Mosquitoes were fed on mice double infected with both strains.
Females are depicted as filled circles and the males as a wavy
line.

B. Genotyping with primers specific for mutant actl/(-) locus (top)
and for WT actin2 locus as control (bottom). Samples were: blood
of a double infected mouse (BS); an in vitro ookinete culture
seeded from the same mouse (Ook); midguts dissected at 3 and 8
days after feeding mosquitoes on infected mice (Ooc); salivary
gland sporozoites at day 21 after feeding (Sp).

always listed first in crosses and progeny), as the
actll(-) mutants form very few fertile male gametocytes
(Deligianni et al., 2011). Parallel cultures of the individual
strains were used to verify that these two strains were
unable to form ookinetes on their own (data not shown).

The ookinetes from the cross actll(-)xAp47 were fed to
mosquitoes in parallel with WT ookinetes. At day 3 post
feeding the oocysts were labelled with the Cap380 anti-
body and stained for DNA. The numbers of oocysts were
comparable (WT: mean 17 oocysts/midgut, prevalence
90%, n=19; actll(-)xAp47 mean 12 oocysts/midgut,
prevalence 78%, n = 18). The heterozygous oocysts were
of equivalent size to the WT (Fig. 5A), but substantial
variations in the DNA content of these oocysts were
noted, ranging from values similar to the WT to others with
very weak DNA. At day 10 the heterozygous oocysts were
considerably smaller than WT (Fig. 5A and B); DNA was
not detectable or the amount was significantly less than in
WT oocysts of the same age (Fig. 5A,e, inset and Fig. 5C)
suggesting that DNA replication was affected in the
heterozygous oocysts. This is consistent with the result
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from the cross of the mutant to the WT where the genomic
DNA of the mutant was lost during oocyst development
(Fig. 4B).

Mosquitoes harbouring these abnormal oocysts were
allowed to feed on naive mice. As expected, in none of the
four independent experiments was an infection estab-
lished, whereas the transmission of WT parasites was
normal with a pre-patent period of 5 days (data not
shown).

actll(-)xAp47 heterozygous ookinetes contain the
tetraploid value of DNA

One explanation for the above results could be that
meiosis in the zygote had been aberrant, similar to what
has been described for the nek-2 (Reininger et al., 2009),
nek-4 (Reininger et al., 2005) and misfit (Bushell et al.,
2009) deletion mutants. Therefore, we measured the DNA
content of ookinetes from the actll(—)xAp47 cross (Fig. 6A
and B). The values were found to be equal to WT. Hence,
the abnormal DNA values in the oocysts were not a direct
result of a failed meiosis in the zygote.

Fig. 5. Genetic cross between Ap47 and
actll(-) mutant gametocytes results in aborted
oocyst development.

A. Comparison of WT and actll(-)xAp47
oocysts at after feeding of an in vitro ookinete
culture. Oocysts were labelled with the
Cap380 antibody and DNA was stained with
TO-PRO. The sizes of the oocysts are similar
at day 3 after feeding (a—c). DNA content was
variable in the oocysts derived from the
genetic cross, two extreme cases are shown
with almost WT level (left) and hardly any
visible DNA (right). Scale bar, 5 um. (d,e)
Comparison at day 10 after feeding. The
actll(-)xAp47 oocysts have remained small
and the DNA is not visible (inset in €). Scale
bar, 10 um.

B. Size of oocysts measured as the area of
the largest section of each oocyst imaged in
the confocal microscope. ***P < 0.0001
Student’s t-test.

C. DNA content measured as the area of
DNA of the largest section of each oocyst
imaged in the confocal microscope.

***P < 0.0001 Student’s ttest. The number of
oocyst measured in B, C: WT n=82 and
actll(-)xAp47 n= 80, pooled data from four
independent experiments.

actll(-)xAp47 heterozygous ookinetes lack actin2

Next, we investigated whether the heterozygous
ookinetes that resulted from the actll(—)xAp47 cross
(actin2 /+) expressed actin2 at levels comparable to the
WT. For this we probed a Western blot containing extracts
of the ookinete populations with the antiserum directed
against actin2. Actin2 was not detected in the progeny
ookinetes from the cross, while it was detected in the WT
(Fig. 6C). This result was unexpected as the WT actin2
allele carried by the Ap47 males is present in these
ookinetes. These results suggest that actin2 in ookinetes
is encoded specifically by the maternal gene.

Overexpression of GFP-actin2 blocks
female development

Preliminary experiments in our laboratory had suggested
that overexpression of the GFP-actin2 fusion protein had
a negative effect on zygote development. The fusion
protein is encoded by an episome containing the standard
tgdhfr/ts gene providing resistance against pyrimeth-
amine in the WT background; this line is called gfp::actin2.

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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Fig. 6. actll(-)xAp47 heterozygous ookinetes have normal DNA
content but lack actin2.

A. Measurement of DNA ploidy. Fixed WT and actll(-)xAp47
ookinetes were stained with Hoechst 33342. Fluorescence
intensities were measured using Image J and normalized to haploid
parasites in the same field. n=20. n.s., non-significant, Student’s
t-test.

B. Representative examples of WT and Ap47xactll(-) ookinetes.
DNA was stained with Hoechst 33342. Scale bar, 5 um.

C. Actin2 is absent from ookinetes lacking the female derived actin
2 gene. Western blot analysis of extracts of WT and actll(—-)xAp47
ookinetes. The blot was probed with the antiserum against actin2
and, as a loading control, with the antiserum against the SET
protein.

By increasing the concentration of antifolate in the mice,
in which the parasites are maintained, there are more
copies of the episome and thus the expression of the
fusion protein is increased (Fig. S2). When ookinete cul-
tures were seeded with blood from mice treated with a

© 2014 John Wiley & Sons Ltd, Cellular Microbiology
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high concentration of the drug, here named HE (high
expression, for details see Experimental procedures),
ookinetes did not develop (Table S1). However, when the
antifolate concentration was reduced ookinetes devel-
oped. Notably, under the HE conditions exflagellation was
normal, indicating that GFP—actin2 overexpression does
not affect male gametogenesis. Ookinete formation could
be rescued by crossing the HE gfp::actin2 gametocytes to
the Ap48/45 strain which produces fertile females, but
infertile males (van Dijk et al., 2010). In marked contrast,
no ookinetes were formed after crossing the HE
gfp::actin2 line to the Ap47 mutant producing fertile males
only (Table S1). Taken together these results indicated
that the overexpression of the fusion protein negatively
affects the female gametocytes or gametes.

Overexpression of GFP-actin2 inhibits
zygote development

The negative effect of overexpression of GFP-actin2 on
ookinete development in the female cell could be due to (i)
failure of egress, (ii) an inability of the female gamete to
be fertilized by the male or (iii) to defects in zygote matu-
ration to ookinetes. To distinguish between these possi-
bilities, we used a combination of the antibody labelling
of Pbs21, a surface antigen on female gametes and
zygotes, and the nuclear dye TO-PRO, which permits
distinction between the small haploid nucleus of the acti-
vated female and the considerably larger diploid nucleus
of the zygote. Samples from a culture seeded with the
gfp::actin2 HE line were labelled with these reagents and
an antibody recognizing GFP (Fig. 7A). Activated females,
labelled with both antibodies and having a small nucleus
were detected along with zygotes characterized by their
bigger nuclei and strong GFP signal. These observations
suggest that overexpression of GFP-actin2 permits
development of female gametes and that zygotes are also
formed. However, the latter do not develop into the retort
form (Fig. 7A) and thus ookinete development is arrested
at this stage.

Actin2 is encoded by the maternally derived gene

We next performed a genetic cross of the gfp::actin2
strain HE (producing fertile males) to the actll(-) mutant
(producing fertile females) (Table S1). The resulting
ookinetes have a paternal actin2" allele and a male-
derived GFP—actin2 episome. In parallel we crossed the
same males to the Ap45/48 females, yielding ookinetes
homozygous for the WT allele of actin2. We carried out
IFA using the anti-GFP antibody and the actin2 antiserum.
The ookinetes from the actll(-)xgfp::actin2 cross (with the
genotype actin2/+,gfp::actin2) lacked both actin2 and
GFP, suggesting that the paternal actin2 allele was not
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Fig. 7. A. Overexpression of GFP—-actin2 causes development arrest at the zygote stage. Samples of an in vitro ookinete culture were fixed

3 h after seeding and labelled with the 13.1 antibody, recognizing the Pbs21 surface protein of female gametes and zygotes, and the anti-GFP
antibody. The DNA was stained with TO-PRO and the size of the nucleus is an indicator of the stage of the cell. Top row: one female gamete
(asterisk) and one zygote (arrowhead). Middle row: Zygote (arrowhead) with four distinct nuclei, suggesting that meiosis has taken place.
Bottom row: Zygote (arrowhead). No retorts or ookinetes were detected in this culture after overnight incubation.

B. Immunolabelling of ookinetes resulting from the crosses of Ap45/48xgfp::actin2 (a—e) and actll(-)xgfp::actin2 (f—i) with the antiserum against
actin2 and with anti-GFP. The gfp::actin2 strain was under HE conditions, and therefore homozygous zygotes of this strain do not develop to
ookinetes. (a—e) One ookinete is in a cluster with a female gamete Ap45/48, which does not express GFP, and one gfp::actin2 female gamete
and one zygote expressing GFP. Gametes are indicated with an asterisk in panel e. All cells express actin2. (f-i) One ookinete resulting from
the actll(—-)xgfp::actin2 cross. No cytoplasmic actin2 labelling is detectable, although background label of the secondary antibody at the cell
periphery is present. Inset: enhanced intensity of peripheral label of (f). (a) and (f) were taken with the same exposure time in an
epifluorescence microscope. Scale bar, 10 um.

4

expressed. In contrast, actin2 was detectable in the Ap45/ results are consistent with our results from the
48xgfp::actin2 (actin2"*,gfp::actin2) ookinetes. Again, actll(-)xAp47 cross, and strengthen the notion that actin2
expression of the paternally inherited gfp::actin2 episome is encoded by the maternal copy of the gene. These
could not be revealed in these ookinetes (Fig. 7B). These findings also indicate either that episomes are not segre-
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gated into the male microgametes or that no expression of
the male-derived gene takes place after fertilization, as
the fusion protein was undetectable in these heter-
ozygous cells. In conclusion, our genetic data show that
maternally inherited actin2 is essential for efficient zygote
to ookinete conversion.

We previously showed that the actin2 promoter is active
in female gametocytes, although the protein was not
detectable in these cells (Deligianni et al., 2011). Together
with the data in the present study the possibility arose
that actin2 transcripts in the female gametocyte are
translationally repressed, as has been shown for a
number of target genes that are transcribed in the game-
tocyte but are translated only in the zygote or ookinete
(Mair et al., 2006; 2010). We investigated this possibility
by RT-PCR of total bound RNA bound to immu-
noprecipitated DOZI and CITH, two central factors
involved in translational repression in gametocytes
(Fig. 8). In two parasite lines DOZI::GFP and CITH::GFP
(Mair et al., 2006; 2010) we found that a proportion of
actin2 mRNA is bound to DOZI and CITH, similar to p25,
a known target of translational repression. DOZI, which is
expressed in gametocytes to exert its function, served as
a negative control. Together, these results are consistent
with translational repression of the actin2 transcript in
female gametocytes, a hallmark of maternally encoded
genes that exert critical functions in the zygote and/or
ookinete.

Discussion

The most important finding from our study is the identifi-
cation of a second critical function of the actin2 isoform in
ookinete formation and sporogony. We had previously
determined that a knockout mutant of P. berghei actin2
was arrested in male gametogenesis, and therefore this
strain produced very few ookinetes (Deligianni et al.,
2011). Using two complementary approaches, we could
extend our analysis of the function of actin2 and over-
come the first developmental defect, i.e. the block in male
gametogenesis of the knockout mutant (Deligianni et al.,
2011). By replacing the actin2 ORF with that of actin1 we
provide genetic evidence that the two actin isoforms have
distinct cellular functions. Unexpectedly, actin1 under the
control of the regulatory elements of actin2 could, at least
partially, complement the observed defects in male
gametogenesis, resulting in formation of motile ookinetes.
These ookinetes were able to traverse the midgut epithe-
lium and form oocysts, but these did not develop into
sporogonic oocysts and there was no transmission to
naive mice, revealing that actin2 is also essential for
sporogonic development of the oocysts. To consolidate
these findings we performed genetic crosses to produce
heterozygous ookinetes, lacking one copy of the actin2

© 2014 John Wiley & Sons Ltd, Cellular Microbiology

Function of Plasmodium actin2 in oocysts 11

DOZI::GFP clone

\\}\_ C')QQ ((\‘\0 b%

03

IP '\*‘Q & & N
dozi
p25
actin2

CITH::GFP clone

< <) 23

> ¥ P

TR N
. e dozi

n

- e P2

actin2

Fig. 8. RNA immunoprecipitation RT-PCR of actin2 suggests
translational repression in gametocytes. Immunoprecipitation of
DOZI::GFP (top panel) and CITH::GFP (bottom panel) reveals
association of actin2 mRNA with both translational repressors in
gametocytes. p25 mRNA served as an established translationally
repressed transcript, while dozi mRNA was used as a negative
association control; it is translated in gametocytes.

IP = immunoprecipitation. The lanes are: RT-PCR of mRNA isolated
from gametocyte lysates (input), of immunoprecipitated material
using antibodies against GFP and, as negative control, myc, or of
material binding to beads only.

gene. We could show that in this cross ookinetes do
develop and they are able to cross the epithelium when
fed to mosquitoes. Although oocysts are formed, these do
not undergo sporogony, most likely because of a defect in
DNA replication. This resulted in a complete block in
transmission of the parasite by the mosquito.

These experiments reveal two aspects of actin2 func-
tion. First, the function in male gametogenesis can, to
some extent, be executed by actini, if this isoform is
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expressed under control of the actin2 cis-regulatory ele-
ments. In WT parasites actin1 and actin2 are expressed in
the cytoplasm of male gametocytes (Deligianni et al.,
2011). However, in actll(-) parasites the endogenous
actin1 isoform is nevertheless unable to rescue the block
in gametogenesis. This suggests, first, that actin2 has a
very specific function, at a precise time point, in a specific
cellular localization, or at a very distinct concentration,
and that correct regulation of gene expression is critical
for the protein to carry out this unique function. A similar
requirement for faithful regulation of transcription of Plas-
modium genes for the correct trafficking of the protein
product has been described for several important Plas-
modium genes, such as apical membrane antigen-1
(AMA-1) (Kocken et al., 1998), ring-infected erythrocyte
surface antigen (RESA) (Rug et al., 2004), and subtilisin 2
(SUB2) (Child et al., 2013). Second, the function of actin2
in the mosquito stages leading to arrested oocyst forma-
tion cannot be substituted by expressing actin1 in its
place. Taken together, these data indicate that the func-
tion of actin2 is distinct in the two different cell environ-
ments where it is required; in the male gametocytes the
requirement is less stringent than at the zygote stage.

As the actll(-) knockout parasites formed only negligi-
ble numbers of ookinetes, we used genetic crosses as an
independent approach to consolidate these findings. First,
we performed gametocyte crosses between the mutant
actll(-) and WT. This results in a mixed population of
heterozygous ookinetes (actin2/+) and WT ookinetes.
After feeding to mosquitoes, oocysts developed, but those
oocysts carrying the mutant allele were shown to be com-
pletely lost during development. These findings were cor-
roborated by independent crosses using a well-studied
strain which produces only fertile males, the Ap47 strain
(van Dijk et al., 2010). Such a cross results in a population
of heterozygous ookinetes (actin27/+), all with an identical
genotype. Interestingly, in these ookinetes the actin2
protein was not detected, suggesting that the protein is
expressed from the female derived copy of the gene;
therefore these ookinetes are phenotypically null mutants.
When these ookinetes were fed to mosquitoes, oocysts
were initially formed. This observation provides evidence
that actin2 has no important role in ookinete gliding motil-
ity and cell invasion. Similarly to the phenotype of the
act2rep mutant, these oocysts did not undergo sporula-
tion and nor did transmission to naive mice occur. These
results, together with those of the act2rep mutant, suggest
that the absence of functional actin2 results in aborted
oocyst development at an early time point and is possibly
due to failed DNA replication.

In addition to our previous study, in which actin2 was
shown to be abundantly expressed in the male gameto-
cyte (Deligianni etal, 2011) we determined that the
protein is also present in the first mosquito midgut stages,

i.e. female gametes, zygotes and ookinetes. We have not
been able to detect the protein in oocysts while the actin2
transcript was detected in ookinetes but not in oocysts.
Interestingly, a proteomic analysis of Plasmodium yoelii
sporozoites detected the protein in salivary gland
sporozoites (Lindner et al., 2013), leaving the question
open for whether this protein has yet another function,
perhaps again during host switch. Specific targeting of
sporozoites by a site-specific recombination system, such
as FLP/FRT mutagenesis (Lacroix etal., 2011), could
reveal potential additional functions of actin2 during pre-
erythrocytic development of the malarial parasite.

The critical time at which actin2 is needed was also
investigated. We made use of an overexpression
approach, in which we expressed a GFP-actin2 fusion
protein regulated by the actin2 promoter region. The
fusion protein was encoded by an episome and we could
regulate its copy number, and thus the amount of protein
produced, by varying the concentration of the antifolate
pyrimethamine used for treatment of the infected mice.
This method for varying the expression of a protein
encoded by an episome has also been used in experi-
ments of Plasmodium falciparum (Epp et al., 2008). At the
standard drug concentration (here called HE) ookinetes
were not formed. This was due to the loss of female
fertility, as ookinete formation could be rescued by cross-
ing to the Ap48/45 strain, which produces fertile females
and infertile males. The HE parasites produced female
gametes, but the resulting zygotes did not develop to the
retort form. We interpret these data such that expressing
high amounts of the GFP-actin2 protein inhibits the func-
tion of endogenous actin2, resulting in abortion of further
zygote development. This toxic effect is due to the GFP
tag, as experiments using an episome expressing actin2
without any tag resulted in completely normal ookinete
development even in HE conditions (data not shown). A
similar negative effect of expression of a tagged copy of a
gene in addition to the WT copy has also been observed
in the case of alpha-tubulin 2 (Kooij et al., 2005). In the
cross actll(-)xgfp::actin2, on the other hand, where actin2
is not produced in the female gamete, zygotes do form.
These develop into motile ookinetes able to form oocysts,
whose development, however, is aborted early.

Our experiments also supported the notion that the
actin2 found in ookinetes is derived from the female copy
of the parental genome, as described above. This was
apparent in two independent genetic crosses. In the
actll(-)xAp47 no actin2 was detectable in the ookinetes,
despite the fact that the Ap47 males carry the WT allele.
When the HE gametocytes, carrying a WT allele of the
gene in the fertile males, were crossed to actll(-) para-
sites, producing female gametes only, no actin2 was
detected. On the other hand, when crossing the HE para-
sites to the Ap48/45 strain, producing females carrying the
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WT allele, actin2 was detected in the ookinetes. There is
precedence for dependence on gene expression derived
from only one of the parental genomes. LAP (or PCCp)
proteins are encoded by the female-derived allele and are
critical for subsequent oocyst development (Raine et al.,
2007; Lavazec et al., 2009), while MISFIT (Bushell et al.,
2009) was found to be expressed by the paternal allele.
Interestingly, in all previous cases and similar to what we
found here, the function of the protein is required in the
gamete or zygote stages but the phenotype of the muta-
tion is manifested during oocyst development. In the case
of the LAP genes the sex-specific expression of the gene
has been shown to be dependent upon translational
repression (Mair et al., 2006; 2010; Saeed et al., 2013) in
the female gametocyte. Here, we provide data suggesting
that the actin2 transcript is also translationally repressed
in the female gametocyte, thus explaining the strict
requirement on the maternal gene for actin2 expression in
female gametes, zygotes and ookinetes.

A number of P. berghei mutant parasites have been
described with a block in oocyst development. Of particu-
lar interest is the P. berghei mutant carrying a deletion of
the gene encoding the C-CAP protein (Hliscs et al., 2010).
This mutant has a phenotype resembling the one we
describe here. C-CAP proteins have homology to the
C-terminal actin-binding domain of Cyclase Associated
Proteins. These proteins bind actin monomers and
prevent actin polymerization. The P. berghei mutant was
viable in the blood stages but after transmission to the
mosquito, small, degenerate oocysts were formed which
did not sporulate (Hliscs et al.,, 2010). It is tempting to
speculate that actin2 in the zygote has a role dependent
upon the regulatory function of C-CAP; however, experi-
mental data to support this hypothesis are currently
lacking.

Our work here has shed new light on the function of the
stage-specific actin isoform actin2. The protein has at
least two distinct functions during the mosquito stages of
the life cycle of the parasite, in male gametogenesis, as
we have previously reported (Deligianni et al., 2011), and
in oocyst development. An intriguing open question is
whether actin2 forms filaments in these cells. Actin2 can
form filaments in vitro (Skillman et al., 2011) but we have
no evidence that actin filaments are required at the stages
studied here. This issue may be investigated by introduc-
ing specific mutations in the actin2 gene which will inter-
fere with filament formation. Future studies should also
aim at identifying proteins binding actin2 in the stages of
interest, since they may be shared between the two actin
isoforms or fulfil rather specific regulatory functions.

Our study also provides an example, of how additional
essential gene functions, which manifest further down the
Plasmodium life cycle, can be revealed by two comple-
mentary classical genetic approaches. While alternative
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strategies, including sporozoite-specific targeted deletion
(Lacroix etal., 2011) and promoter swap (Laurentino
et al., 2011; Siden-Kiamos et al., 2011), have been estab-
lished recently, controlled excision or downregulation of
genes presently remain restricted to targets that are vital
for asexual blood-stage growth and have shared functions
in sporozoites or ookinetes respectively. In previous
studies, genetic crosses to rescue defects of mutant para-
sites were employed to support distinct gene functions at
specific life cycle checkpoints and to exclude additional
defects later in development (e.g. Raine etal., 2007;
Ganter et al., 2009). The identification of consecutive criti-
cal roles of actin2 encourages systematic assessment of
the growing collection of mutant parasite lines displaying
defects in mammal-to-mosquito transmission (Janse
etal, 2011) through multiple comparative genetic
crosses, as described here. Similarly, gene complemen-
tation remains under-utilized (Goldberg et al., 2011) and,
as shown here for the partial rescue of the male gamete
function of actin2 by the actin1 isoforms, may offer oppor-
tunities to gain a better understanding of parasite gene
functions beyond the first developmental defect.

Experimental procedures
Parasite strains and methods

The WT strain used was ANKA 2.34. The two mutants where
actin2 had been deleted have been described; actl/l(-) strain
(Deligianni et al., 2011) and act2 ::mCherry (Kooij et al., 2012).
Genetic crosses were carried out using knockout mutants which
only produced healthy males or females, Ap47 and Ap45/48
respectively (van Dijk et al., 2001; Khan et al., 2005). The para-
sites harbouring the episomal gfp::actin2 construct was
described earlier (Deligianni et al., 2011).

Ookinetes were cultured in vitro as described before (Sinden,
1997). Ookinete conversion was assessed as previously
described (Deligianni et al,, 2011). Briefly, ookinetes, female
gametes and zygotes were labelled with an anti-Pbs21 antibody
and at least 100 cells were counted in each experiment.

Sporozoites were isolated from dissected salivary glands at
day 21 after feeding. The salivary glands were crushed with a
pestle and the sporozoites collected by centrifugation.

Mosquitoes used were Anopheles gambiae strain G3 and
membrane feedings were done according to Sinden (1997).
Alternatively, mosquitoes were fed directly on anaesthetized
infected mice. Infected mosquitoes were kept at 19°C until dis-
section or feeding to naive C57BL/6 mice.

The act2 ::mCherry (Kooij et al., 2012) was used as recipient
strain for transfection of plasmids constructs, and transfection
was carried out as described previously (Janse et al., 2006).

All animal work was carried out in full conformity with Greek
regulations and the protocols approved by the Ethics committee
of FORTH, Crete.

Complementation and replacement constructs of actin2

Act2com and act2rep constructs were made in the vector
pSD141, a derivative of the pL0O006 vector (de Koning-Ward
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et al., 2000; Billker et al., 2004). A simplified scheme of the strat-
egy is shown in Fig. S1A. 2.7 kb of the 5’FR and 728 bp of the
3’FR of the P. berghei actin2 gene were amplified from gDNA
using the primers indicated in Table S2. The fragments were
cloned into the Kpnl and Nhel sites and the Notl and EcoRl sites
respectively. For the act2rep construct, the P. berghei actin1 ORF
was amplified from gDNA and cloned into Nhel and Notl sites
between the actin2 5" and 3'FR of actin2. For the act2com con-
struct a fragment comprising the actin2 ORF and the 728 bp
actin2 3'FR was inserted downstream of the actin2 5’'FR. Both
plasmids were linearized with Clal before transfection of the
act2::mCherry parasite strain, which had been recycled to
remove the resistance cassette (Kooij et al, 2012). Parasites
were cloned by limiting dilution (Janse et al., 2006). Correct inte-
gration was verified by PCR genotyping (Fig. S1B, Table S2) and
Southern blot analysis (Fig. S1C). For Southern blot genomic
DNA was digested with BamHI and EcoRl. After electrophoresis,
the DNA was transferred to a nylon filter and probed with a 2.7 kb
actin2 5’'FR PCR fragment. Probe labelling and detection was
done using the DIG High Prime DNA Labelling and Detec-
tion Starter Kit Il (Roche) according to the manufacturer’s
instructions.

Antibodies and antiserum against actin2

The anti-GFP antibody was purchased from Invitrogen. The 13.1
monoclonal antibody (Winger et al., 1988) and the antibody rec-
ognizing Cap380 (Srinivasan et al., 2008) have been described.
An antiserum recognizing the SET protein was used as a loading
control in Western blot (Pace et al., 2006). The blocking antibody
AffiniPure Fab Fragment Donkey Anti-mouse IgG was from
Jackson Immuno Research.

The antiserum recognizing actin2 was produced in mice immu-
nized with protein purified from Escherichia coli. The complete
ORF of actin2 was cloned in plasmid pET23d and expression
was done in E. coli BL21(DE3)pLysS containing the plasmid
pMICO (Christopherson et al., 2004). The protein was isolated
from insoluble inclusion bodies. The antiserum was pre-adsorbed
for 15 min with a crude extract of actll(-) gametocytes before
use.

Secondary antibodies were anti-mouse (Alexa-488, Alexa-555)
and anti-rabbit (Alexa-488, Alexa-546) conjugated to Alexa
Fluor (Invitrogen) or anti-rabbit conjugated to Cy-3 (Jackson
Research).

Immunofluorescence assays of in vitro cultured
ookinetes using the actin2 antiserum

All steps were carried out at RT unless otherwise stated, and all
washes were in phosphate-buffered saline (PBS). A total of
1-5x 10* ookinetes were diluted in 400 ul of PBS and the
samples were collected on poly-L-lysine-coated coverslips by
centrifugation at 500 g for 10 min. The supernatant was removed
and the samples incubated in 500 ul of fixative [4% formalde-
hyde, 0.1% Triton in microtubule stabilizing buffer (MTSB, 10 mM
MES, 150 mM NaCl, 5 mM EGTA, 5 mM glucose, 5 mM MgCl,
pH 6.9)] for 10 min. After removal of the supernatant 200 pul of
ice-cold methanol was added to each well and incubated at
—20°C for 2 min. This was followed by two washes before block-
ing with Fab Fragment Donkey Anti-mouse IgG diluted 1:50 in

PBS with 5% NGS (Normal Goat Serum) for 1 h at 37°C. After
two washes the sample was incubated with the actin2 antiserum
diluted 1:200 overnight at 4°C. For controls samples were incu-
bated in parallel only in PBS with NGS. The samples were
washed twice in PBS, before the secondary antibody anti-mouse
Alexa-488 was added and incubated for 1 h. DNA was stained
using either TO-PRO or Hoechst 33342. The samples were
mounted in Vectashield. When stained with Hoechst the samples
were viewed with a Zeiss Axioskop 2 plus microscope fitted with
an Axiovert CCD camera (Zeiss). TOP-RO samples were ana-
lysed using a Zeiss LSM 510 confocal laser scanning microscope
with Biorad lasers. Images were analysed with Imaged software
(http://rsbweb.nih.gov/ij/).

Regulation of GFP-actin2 expression and imaging of
gfp::actin2 parasites

The mice harbouring parasites transfected with the episomal
gfp::actin2 construct were treated continuously with pyrimeth-
amine to avoid the loss of the episome during schizogony. Two
different concentrations of pyrimethamine were used, called
HE (14 ug ml~" diluted in drinking water, pH 3.5-5) and LE
(2.8 ug ml~" diluted in drinking water, pH 3.5-5). Forty hours prior
to the IFA the water containing pyrimethamine was replaced by
sulfadiazine (2.5 ug ml™") to enrich for gametocytes (Beetsma
etal.,, 1998). To maintain the episome 100 ul pyrimethamine
(2.5 ug ml") was injected i.p. once.

For LE experiments, samples of an ookinete culture were
removed at 3, 6 and 9 h after seeding and imaged without prior
fixation. Samples at later time points as well as samples of HE
experiments were fixed for 15 min in 4% paraformaldehyde and
labelled with an anti-GFP (Invitrogen) and the 13.1 antibodies to
distinguish the developing ookinetes from the other parasite
stages. DNA was visualized with Hoechst 33342. The samples
were viewed as described above.

Determination of DNA content in ookinetes

Photographs of fixed ookinete samples stained with Hoechst
33342 were analysed with ImageJ software (http://rsbweb
.nih.gov/ij/). Fluorescence intensities were normalized to haploid
parasites in the same fields.

IFA of dissected midguts containing oocysts

Mosquitoes were dissected in PBS and their midguts immediately
placed in fixative [4% formaldehyde (Polysciences), 0.2%
saponin (Sigma) in PBS] and incubated on ice for 45—60 min. All
following steps were carried out at room temperature, unless
specifically mentioned. Washes and antibody dilutions were done
in PBS with 0.2% saponin and 5% NGS. The midguts were
washed twice for 15 min on a rocking platform and then incu-
bated for 30 min. After addition of the primary antibody the
midguts were kept at 4°C overnight. The guts were washed three
times for 15 min and then incubated with the secondary antibod-
ies for 1 h. DNA was stained with TO-PRO (Invitrogen) or
Hoechst33342. The guts were mounted and viewed as described
above.

© 2014 John Wiley & Sons Ltd, Cellular Microbiology



http://rsbweb.nih.gov/ij/
http://rsbweb.nih.gov/ij/
http://rsbweb.nih.gov/ij/

RT-PCR analysis

cDNA was prepared as previously described (Deligianni et al.,
2011). The primers used for RT-PCR analysis of WT ookinetes
and oocysts are described in Table S2. The primers used to
detect expression of actin2 and actin1 in act2com and act2rep
parasites were a common forward primer binding to the 5’'FR and
specific primers for actin2 and actinl ORF respectively. For
details see Fig. 1A and Fig. S1A (green arrows) and Table S2.

Western blot

Enriched ookinetes were sonicated on ice, and the extracts
loaded on a 12% SDS-PAGE gel. After gel electrophoresis the
proteins were transferred to nitrocellulose membrane filters by
electroblotting. The membrane filters were incubated with the
primary antiserum directed against actin2, followed by anti-
mouse antibodies conjugated with horseradish peroxide. The
signal was detected using the SuperSignal West Pico solution
(Pierce Biotechnology).

RNA immunoprecipitation RT-PCR

Plasmodium berghei DOZI::GFP and CITH::GFP lines have been
described before, they behave as WT lines and express exclu-
sively the C-terminally GFP-tagged protein (Mair et al., 2010).
RNA immunoprecipitations were performed as described in Mair
etal. (2010); briefly, gametocytes were enriched using a 49%
Nycodenz cushion. Following parasite lysis, a monoclonal anti-
GFP antibody was used to immunoprecipitate DOZI::GFP or
CITH::GFP. Controls included a monoclonal a-myc antibody and
a ‘no antibody’ control. Antibody—protein—-RNA complexes were
finally recovered with protein G-sepharose beads. RNA isolation
was done with TRIzol, followed by cDNA synthesis using oligo
dT oligonucleotides. PCR primers used for dozi (PBANKA_
121770) were g0907 (TGTGGCTTTGGCTGGAAAA) and g0908
(AGCGCCAATTCCCTTGTG); primers for p25 (PBANKA_
051500) were g0830 (ATGTACTATGCATGAAGTCGG) and
g0831 (TGAACATGGGGTATCTCC); primers for actin2
(PBANKA_103010) were g1217 (TTTTTTAATGAATTAAG
GGTAT) and g1218 (TCAAGAACGATACCTGTG).
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Additional Supporting Information may be found in the online
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Fig. S1. Integration of actin2 and actin1 ORF in the actin2 locus.
A. Schematic representation of strategy used to obtain the
act2com and actZrep strains expressing actin2 and actint,
respectively, under the control of actin2 5" and 3'FR. In step 1
(reported previously, Kooij et al., 2012) the complete ORF of the
WT actin2 gene was exchanged via a cross-over/ends-out
homologous recombination with a fragment encoding a red fluo-
rescence protein (mCherry), a GFP cassette and the hybrid
resistance gene allowing positive—negative selection consisting
of hDHFR and yeast cytosine deaminase-uracil phosphoribosyl
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transferase (yFcu) yielding the strain act2-::mCherry. Next, para-
sites were selected to recycle the resistance cassette (Step 2).
These parasites were used as a recipient strain for transfection of
the plasmids pAct2com and pAct2rep. Integration was achieved
via a single cross-over/ends-in homologous recombination in the
actin2 5’FR. This resulted in the integration of the actin2 or actin1
ORF in the actin2 locus (Step 3). Red arrows: primers for
genotyping of transfectants. Green arrows: Primers used for
RT-PCR analysis of transfectants.

B. Genotyping using PCR. The primers are depicted as red
arrows in A and the expected sizes of the fragments are indicated
(red colour below map). Left and right integration was tested as
well as possible contamination of act2::mCherry parasites.
Primers specific for gapdh were used for quality control of the
gDNA.

C. Southern blot analysis. Genomic DNA of the recipient strain
act2::mCherry, and the act2com and act2rep was digested with
BamHI and EcoRI and processed for Southern blot. A PCR
fragment corresponding to actin2 5’'FR was used as a probe. The
restriction sites and the theoretical sizes of the fragments are
indicated in A (grey colour above map). The positive bands are
indicated with asterisks.

Fig. S2. Expression of GFP-actin2 encoded by the episomal
construct. Blood-stage parasites were selected using two differ-
ent concentrations of anti-folate (14 and 2.8 ug mi™).

A. Representative pictures of gametocytes originating from mice
treated with the high anti-folate concentration (a—c), and with the
low concentration (d—f).

B. Measurement of the intensity of the GFP signal in gametocytes
from mice treated with the two concentrations of anti-folate. The
difference in intensity is significant (P < 0.0001 Student’s t-test).
Movie S1. Movie of gliding WT ookinete. The movie represents
a time-lapse video of 20 min.

Movie S2. Movie of gliding act2rep ookinete. The movie repre-
sents a time-lapse video of 18 min.

Table S1. Genetic crosses of gfp::actin2 strain under LE and HE
conditions.

Table S2. Primers used for DNA constructs, genotyping and
RT-PCR.
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Abstract

Actins are highly conserved proteins and key players in central processes in all eukaryotic cells. The two actins of the malaria
parasite are among the most divergent eukaryotic actins and also differ from each other more than isoforms in any other
species. Microfilaments have not been directly observed in Plasmodium and are presumed to be short and highly dynamic.
We show that actin | cannot complement actin Il in male gametogenesis, suggesting critical structural differences. Cryo-EM
reveals that Plasmodium actin | has a unique filament structure, whereas actin |l filaments resemble canonical F-actin. Both
Plasmodium actins hydrolyze ATP more efficiently than a-actin, and unlike any other actin, both parasite actins rapidly form
short oligomers induced by ADP. Crystal structures of both isoforms pinpoint several structural changes in the monomers
causing the unique polymerization properties. Inserting the canonical D-loop to Plasmodium actin | leads to the formation
of long filaments in vitro. In vivo, this chimera restores gametogenesis in parasites lacking actin Il, suggesting that stable
filaments are required for exflagellation. Together, these data underline the divergence of eukaryotic actins and
demonstrate how structural differences in the monomers translate into filaments with different properties, implying that
even eukaryotic actins have faced different evolutionary pressures and followed different paths for developing their
polymerization properties.
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Introduction

Actins are the most abundant and among the most conserved
proteins in eukaryotic cells and play indispensable roles in a
plethora of key cellular events, including muscle contraction, cell
division, shape determination, transport, and cell motility [1,2].
Actins are highly conserved in opisthokonts with <10%
divergence between yeast and man. The six mammalian actin
isoforms differ from each other by a maximum of 6% of the
sequence, and are virtually identical across species. Nevertheless,
these subtle differences are enough to determine isoform-specific
functions [3]. Common to most actins is their capacity to form
long filaments. However, in a number of phylogenetically distinct
organisms, such as Trypanosoma and Plasmodium spp., actin filaments
have not been observed [4,5]. Unlike other members of the
phylum Apicomplexa, which comprises single-celled eukaryotic
intracellular parasites, the malaria parasites have two actin
isoforms, which at the sequence level are <80% identical with
canonical (opisthokont) actins and each other. This is a remarkable
difference, considering the near identity among canonical actins
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(Fig. S1). An important question is how this divergence at the
amino-acid level translates into different structures — and how this,
in turn, influences polymerization.

Most studies on apicomplexan actins have concentrated on their
role in gliding motility, a unique mode of migration, essential for the
parasite to infect new cells. However, like in other eukaryotes,
parasite actins must have several cellular functions. Actin polymer-
ization is indispensable for gliding and likely involved in host cell
invasion and egress [6-8]. Despite evidence for this crucial role of
filamentous actin, long filaments have only been visualized in
Theleria [9], which appears not to use actin filaments for host cell
mvasion [10]. The presence of regular actin filaments in Plasmodium
is uncertain [11-13]. In vitro, apicomplexan actins form short, ~100-
nm long filaments, which undergo rapid treadmilling [14-17].
Recently, specific antibodies revealed filament-like structures in
motile forms of Plasmodium [12,13]. Toxoplasma gondii actin, which is
93% identical to Plasmodium actin I, has been reported to polymerize
at concentrations 10-fold lower than canonical actins [15], and most
recently, it has been proposed to polymerize in an isodesmic manner
without a lag phase or a critical concentration, which is unique
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Author Summary

Malaria parasites have two actin isoforms, which are
among the most divergent within the actin family that
comprises highly conserved proteins, essential in all
eukaryotic cells. In Plasmodium, actin is indispensable for
motility and, thus, the infectivity of the deadly parasite.
Yet, actin filaments have not been observed in vivo in
these pathogens. Here, we show that the two Plasmodium
actins differ from each other in both monomeric and
filamentous form and that actin | cannot replace actin Il
during male gametogenesis. Whereas the major isoform
actin | cannot form stable filaments alone, the mosquito-
stage-specific actin Il readily forms long filaments that
have dimensions similar to canonical actins. A chimeric
actin | mutant that forms long filaments in vitro also
rescues gametogenesis in parasites lacking actin Il. Both
Plasmodium actins rapidly hydrolyze ATP and form short
oligomers in the presence of ADP, which is a fundamental
difference to all other actins characterized to date.
Structural and functional differences in the two Plasmodi-
um actin isoforms compared both to each other and to
canonical actins reveal how the polymerization properties
of eukaryotic actins have evolved along different avenues.

among all actins or actin homologs studied to date [18]. Yet, most of
the cellular actin is present as monomers [19], implying that
filaments occur only transiently, and polymerization is under tight
control of regulatory proteins or governed by distinct properties of
the monomer. On the other hand, it has been estimated that 2/3 of
Plasmodium actin in merozoites — the infective blood stage form,
which does not exhibit gliding motility — could be present as short
filaments [20].

Plasmodium actin I is abundant and expressed throughout the life
cycle of the parasite, whereas actin II is present only in the
gametocytes and mosquito stages [21-24], including sporozoites
[25], the highly motile form of the parasite, transmitted to the
vertebrate by the mosquito. Actin I is an indispensable part of the
parasite motor machinery responsible for the unique gliding motility
of the parasite. Actin II has at least two functions in the mosquito
stages, as revealed by reverse genetics analyses. It is required both
during male gametogenesis and in the zygote stage [23,24].
However, no clear molecular function has been assigned for actin II.

To understand the properties of the divergent Plasmodium actins,
we have determined their monomer crystal structures and
analyzed their filament assembly using electron microscopy
(EM). We show that, unlike in any other cell reported so far, the
two isoforms differ substantially from each other in their ability to
form filaments and that both oligomerize in the presence of ADP.
Their functional uniqueness is further highlighted by the finding
that Plasmodium actin 1I has a distinct role in male gametogenesis
that cannot be complemented by actin I. Finally, we show that a
chimera of Plasmodium actin I and canonical actin can form long
filaments and, importantly, restores the function of actin II in
gametogenesis.

Results

The two Plasmodium actins have different filament
structures

The most peculiar property of apicomplexan actins is their
apparent inability to form long, stable filaments. This is a
fundamental difference to all actins studied so far, and in the
lack of structural information, the reasons for the poor polymeriz-
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ability are not understood. It has been shown by atomic force
microscopy that the dimensions of jasplakinolide (JAS)-stabilized
P. falciparum actin 1 filaments, purified from merozoites, are
different with respect to their helical symmetry from canonical
actins [26]. However, the structure of actin II filaments has not
been studied before. We visualized the structures formed by both
Plasmodwm actin isoforms using EM (Fig. 1). When polymerized in
the presence of ATP in high-salt conditions at room temperature
overnight, actin I forms only short, irregular structures of
approximately 100 nm in length (Fig. 1 A and F), while actin
II forms significantly longer filaments (average length 650 nm)
(Fig. 1 B,C,F). In the presence of JAS, which i witro stabilizes
actin filaments, both actin I and II form long, rather straight
filaments (Fig. 1 D-F).

To evaluate whether the helical assemblies of the two Plasmodium
actins are different, we used cryo-EM. Filaments of both parasite
actins were embedded in vitreous ice (Fig. 2). First, we inspected the
averaged power spectra derived from segments of 330 and 56
filaments for actin I and II, respectively. These look virtually
identical because they can only be compared at 1/60 Al
resolution (Fig. 2 A). We then characterized the structure of the
filaments in real space and performed k-means classification of
helical segments [27]. Inspection of the classes allows a direct
measurement of the cross overs or half-pitch of the two-start helix,
which represent the distance the filament requires to undergo a 180°
rotation. For actin I and II, cross-over distances cluster around
406*16 A and 364*10 A, respectively (Fig. 2 B), which is
confirmed from Eigen images that represent the half-pitch of the
two-start helix (Fig. 2 C). Hence, actin II has symmetry parameters
identical to o-actin, for which a cross-over distance of 371 A has
been reported [28], while actin I possesses a significantly longer
cross-over distance, which is in agreement with the earlier work
performed on actin I using atomic force microscopy [26].

To understand whether the longer cross-over distance is a result
of a change in the helical rise and/or the helical rotation, we
determined the low-resolution 3D structure of actin I (Fig. 3 A)
using single-particle based helical reconstruction [29,30]. We
refined the helical symmetry (Fig. 3 B) and determined the low-
resolution filament structure at 25-A resolution (at FSC 0.5 cutoff,
Fig. 3 C). This showed that the cross-over distance change is mainly
due to a change of helical rotation from —166.6° [28] to —167.5°,
which corresponds to the predicted rotation change if the helical rise
remains constant at 27.7 A. Despite the obvious difference in helical
symmetry, at the current resolution, the cryo-EM structure of the
actin I subunit looks very similar to the canonical actin filament
(Fig. 3 A). This is the first time that such large differences in the
properties of filaments have been observed for actin isoforms of any
species. Thus, higher resolution is needed to further characterize the
molecular interactions giving rise to the different polymerization
propensities and the observed helical rotation changes.

Interface regions are the most divergent in Plasmodium
actin monomers

The divergent polymerization properties of Plasmodium actins in
vivo may be partly accounted for by differences in the activities of the
actin-binding proteins, which in these parasites are also poorly
conserved and have partially divergent functions compared to
canonical counterparts [31-38]. However, differences in the actin
monomer structure must be responsible for the observed differences
in filament structure in vitro and also for interactions with regulatory
proteins and, thus, functional differences i vivo. Therefore, high-
resolution structures are required for understanding the biological
and molecular differences of the parasite actins compared to their
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Figure 1. Electron micrographs of Plasmodium actin filaments. (A) In the absence of stabilizing agents, actin | forms only short structures
lacking helical symmetry. (B,C) Actin Il readily forms filaments varying from hundreds of nm to 1-2 um in length. (D,E) In the presence of JAS, both
parasite actins form long helical filaments. (F) Length distributions of two Plasmodium actin isoforms and three actin | mutants. Note the logarithmic

scale of the Y axis.
doi:10.1371/journal.ppat.1004091.g001

canonical homologs. Such information will also aid us in evaluating
the suitability of Plasmodium actins as drug targets.

We set out to determine the crystal structures of P. falciparum
actin I and P. berghei actin II. The sequence identities between the
counterparts from P. falciparum and P. bergher are 99% for actin 1
and 92% for actin II. The gelsolin G1 domain was used to stabilize
the monomers and facilitate crystallization of both actins [39,40].
The actin I structure was refined to a resolution of 1.3 A and actin
Il to 2.2 A. These high-resolution structures allow for a very
detailed comparison of the Plasmodium actins with each other and
with other actins (Figs. 4, S2, and 83). Although Plasmodium lacks
a gelsolin homolog, the mammalian G1 is bound between
subdomains 1 and 3 in both Plasmodium actins, similarly to other
actin—-G1 complexes [39,41] (Fig. S2 D and E). For all
comparisons, we have used canonical actin structures that have
also been determined in complex with G1, in order to rule out
structural rearrangements caused by gelsolin binding.

In most canonical actin structures, the C terminus is folded as
an o-helix, which interacts with the bottom part of subdomain 1.
This is true also for Plasmodium actin II (Fig. 4 A). In actin I,
however, the C terminus turns towards solvent and is disordered
(Fig. 4 B). The large hydrophobic cleft between subdomains 1 and
3 is defined as a ‘hotspot’ for regulatory protein binding [42]
(Fig. 4 A and B). A smaller hydrophobic patch in the direct
vicinity of the C terminus is, in addition, involved in binding at
least profilin [43]. In actin I, the large hydrophobic residues in this
smaller cleft, including Trp357, have adopted different
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conformations compared to canonical actins (Fig. 4 B), possibly
influencing the binding of profilin, which we have previously
proposed to bind actin in a different manner in Plasmodium
compared to opisthokonts [31]. In actin II, these hydrophobic
residues, like the C terminus, are in the canonical conformations.
All in all, despite the obvious similarity to other actins, especially
actin I shows appreciable structural deviations, in particular in
regions involved in binding of regulatory proteins [42]. This may
provide possibilities for structure-based drug design targeted at the
Plasmodium actin—regulatory protein interfaces.

Residues involved in longitudinal contacts in F-actin
differ equally from canonical actins in both parasite
actins

A key question concerning the properties of the major
Plasmodwm actin isoform, as well as other apicomplexan actins, is
why they, unlike all the extensively studied actins, form only short,
unstable filaments. Comparing the crystal structures of the
monomers to the recently determined high-resolution cryo-EM
structures of canonical actin filaments [28,44—46] can provide
clues to answer this question. In canonical F-actin, the axial
interactions, meaning the longitudinal contacts between the actin
monomers in each of the two protofilaments, are tight and mainly
electrostatic, as revealed by cryo-EM studies [28,45]. The most
important axial interactions are discussed below.

The DNase I binding (D-)loop in subdomain 2 (residues 39-61
in actin I) is one of the most important regions for polymerization
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whereas Eigen images 3-4 confirm the difference in cross-over distance of actin | and Il.

doi:10.1371/journal.ppat.1004091.g002

and, in the filament, inserts into the hydrophobic cleft between
subdomains 1 and 3 of the neighboring monomer [28,45,47,48].
In both Plasmodium actin crystal structures, the D-loop is
disordered, and the tip of it is not visible in the electron density
maps (Figs. 4 and 83). Interestingly, the most notable changes in
the D-loop sequence concern the first and the last residues of a
segment (residues 42-49) that forms a short o-helix in some
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G-actin structures with ADP bound [49] and has been modeled as
a helix also in one of the recent F-actin structures [45]. This part of
the D-loop inserts deep into the neighboring monomer in the
filament, contacting the so-called proline-rich loop (residues 109—
115). Residue 42, which is a glutamine or threonine in most other
actins, is a proline in both Plasmodium actins. A proline restricts the
conformation of the chain and, although also known as a ‘helix
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doi:10.1371/journal.ppat.1004091.g003

breaker’, is often also seen as the first residue in o-helices. At the C
terminus of this segment, residue 49, which is a glycine in
canonical actins, is a glutamate in both Plasmodium actins. These
replacements at both ends of this segment would be expected to
increase the helical propensity of the tip of the D-loop.

In canonical F-actin, Thr325 in the loop between a-helix 11
and B-strand 18 (residues 323-327; Fig. 4 A and B) in subdomain
3 of one monomer interacts with Glu242 in the loop connecting -
strands 15 and 16 in subdomain 4 (residues 242-247; Fig. 4 A
and B) of the neighboring monomer [28]. In actin I, this loop and
the threonine side chain have turned away from the optimal
position for this interaction (Figs. 4 B and $3). In actin II, Ser325
is positioned such that hydrogen bonding to the apposing
glutamate can be easily achieved. The difference in the
conformation can be explained by the substitutions Y280F and
M284K in actin I compared to canonical actins and actin II.

The third main site contributing to axial interactions is formed
by the loop connecting helices 9 and 10 (residues 284290 in
subdomain 3; Fig. 4 A) inserting between subdomains 2 and 4 of
the neighboring monomer. This area is almost fully conserved in
both parasite actins, the only substitution being that of Met283 by
a lysine (284) in actin L.

All in all, the largest differences in the axial contacts concentrate
to the D-loop and concern equally both Plasmodium actins. Smaller
differences in subdomain 3 may, however, partly explain the
different polymerization propensities of the two parasite actin
isoforms.

Filament lateral contact areas display the largest
differences between the parasite actins

The lateral contacts between the two protofilaments concern
mainly interactions between subdomains 1 and 4 and the beginning
of the D-loop in subdomain 2 interacting with the so-called
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hydrophobic loop (residues 263-275) (Figs. 4 A-B, S1, and S2 D-
E) between subdomains 3 and 4 of the apposing monomer
[28,45,48]. In a recent high-resolution cryo-EM filament structure
[45], Arg206 in subdomain 4 interacts with Ser271 of a neighboring
monomer. In actin I, Ser271 is replaced by Ala272, and Lys207 and
Glul88 are involved in a short hydrogen bond with salt-bridge
character (Fig. 4 C). A similar interaction occurs between Arg206
and Asp187 in Latrunculin A-bound a-actin [50]. In the absence of
latrunculin, the distance between these residues in ¢-actin is longer
and the geometry suboptimal for a salt bridge (Fig. 4 C).
Latrunculins prevent actin polymerization, presumably by limiting
the flexibility of subdomains 2 and 4 [50,51], and the salt bridge
seen in the latrunculin-actin structure, similar to Plasmodium actin 1,
may be one reason for this. The longer side chain of Glul88 in actin
I compared to Aspl87 in canonical actins may facilitate the
interaction with Lys207. Actin II has Tyr187 in place of Aspl87/
Glul88, which affects the orientation of Arg206. Actin II,
furthermore, has Cys272 in the place of Ser271 of canonical actins,
allowing for hydrogen bonding upon polymerization.

At the N terminus of the D-loop, Arg40 and His41 of canonical
actins are replaced by lysine and asparagine in actin I and lysine
and methionine in actin II. In the filament, Arg40 forms a salt
bridge with Glu271 [28], and the replacement to lysine can subtly
weaken this interaction. His41, in turn, interacts with Ser266 [28].
Although the asparagine in actin I can also contribute to a
hydrogen bond, the interaction may be weaker due to the shorter
side chain. In F-actin, Lys114 in the proline-rich loop (residues
109-115 in subdomain 1, following actin I numbering) forms a salt
bridge with Glu196 of a neighboring monomer [28]. Uniquely, the
neighboring residue is Glyl15 in actin I (Fig. 4 D), which can
have a large effect on the mobility of the proline-rich loop. Actin II
has a non-glycine residue (threonine) at this position, similarly to
canonical actins (alanine or serine).
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C-terminal helix is not visible in actin I. The C-terminal part and the nearby hydrophobic cluster with Trp357 are shown in the zoomed view on the
right and the region involved in intra-filament contacts in subdomain 3 in the box at the lower left corner. The blue and pink dots in (B) indicate the
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more flexible glycine residue.

doi:10.1371/journal.ppat.1004091.9004

Taken together, especially residues involved in lateral contacts, chimera filaments are in close agreement with the wild-type actin I
crucial for the stability of the filaments, are altered in Plasmodium filaments. Therefore, the symmetry parameters appear to be
actin I but more conserved in actin II. The most important retained from the wild-type actin I, and thus, the D-loop of
differences concern subdomain 4, the D-loop, and the proline-rich canonical actin merely confers increased filament stability.
loop. The conformations of all these affect each other allosterically The crystal structure reveals that the 3D structure of the
and can also modulate the ATPase activity [52-54]. chimera in monomeric form is very similar to that of wild-type

actin I (Figs. 5 C and S83). However, there are some notable
differences. The D-loop in the chimera is slightly more ordered. In
addition, the C-terminal helix is visible and can be superimposed
with the C terminus of actin II and most canonical actins. The
Trp357 side chain in the hydrophobic patch is not flipped as in

a-actin D-loop rescues polymerization of Plasmodium
actin |
Because of the observed differences in sequence, conformation,

and helical symmetry between Plasmodiwum and canonical actins wild-type actin I (Figs. 4 B and 5 C). This observation is in line
and the importance of the D-loop-mediated contacts for polymer- with earlier reports on allostery between the conformations of the
ization, we constructed a chimera, in which the entire D-loop of D-loop and the C terminus [55,56] and demonstrates the ability of
actin I was replaced with that of a-actin. Strikingly, this chimera in even large residues in the hydrophobic core of actin to move,
the absence of any stabilizing agents forms filaments with an which is a requirement for the rearrangements taking place in the
average length of 1.6 um, which is longer than either actin I or II monomer upon polymerization.
filaments (Figs. 5 A-B and 1 F). However, the appearance of the In addition to residues already discussed, a notable difference
chimera filaments is not as regular as the filaments formed by between the D-loop of Plasmodium actin I and canonical actins is at
canonical actins or actin II. position 54, which has a tyrosine in opisthokont actins and
To further characterize the filaments formed by the actin I-o- Plasmodium actin II but phenylalanine in actin I. In the chimera,

actin chimera, we analyzed electron cryo-micrographs of JAS- the OH group of Tyr54 is hydrogen bonded to the main chain of
stabilized chimera filaments and subjected them to the same Lys51 and could also interact with the tip of Lys62 (Fig. 5 C). In

classification and symmetry analysis as outlined above (Fig. S4). wild-type actin I, Phe54 has moved away from Lys62 and seems to
Based on the determined half-pitch distance and the symmetry push Lys51 to a slightly different conformation. In actin II, Tyr53
analysis, we conclude that the symmetry parameters of the (corresponding to Phe54 in actin I) is able to interact with Lys61
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Figure 5. Plasmodium actin l-a-actin chimera forms long filaments. (A) Electron cryo-micrograph of the chimera filaments. (B) Negatively
stained chimera filaments. (C) The crystal structure of the chimera (blue) resembles that of wild-type actin | (red). The zoomed views show the
differences in the D-loop around Tyr54 (above) and the C-terminal helix and the hydrophobic residues nearby, which are in the canonical orientation

in the chimera, unlike in actin | (below).
doi:10.1371/journal.ppat.1004091.g005

(Lys62 in actin I), but otherwise, this region is rather different in
conformation compared to both actin I and canonical actins. This
is due to conformational changes in subdomain 4, involving
Thr203, Arg206, and seemingly originating from the bulky side
chain of Tyr187, which is replaced by aspartate in canonical actins
and glutamate in actin I, as discussed above. According to a recent
filament structure [45], Tyr54 becomes stacked between the side
chains of Asp52 and Lys62 of the same monomer and its only
possible rotamers would allow an OH-m interaction with the
phenyl ring of Tyr170 of the neighboring monomer. The side
chain of Phe54 in actin I is not able to participate in this kind of an
interaction due to the missing hydroxyl group. Thus, the
replacement of tyrosine by phenylalanine at this position may
affect both the rigidity of the D-loop in the monomeric state as well
as the stability of the filament.

Implications for catalysis

The state of the nucleotide-binding pocket can be described
using two parameters: (i) the “phosphate clamp”, which is the
distance between the Co atoms of Glyl5 and Asp157, and (ii) the
“mouth”, which is the distance between the Ca atoms of GIn59
and Glu207 [46]. The phosphate clamp distance in Plasmodium
actins does not differ significantly from other actins. However, the
mouth of the binding pocket is significantly more closed in both
parasite actins: 9.85 A in actin T and 9.04 A in actin I, compared
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to an average of 10.87*+0.4 A'in 9 other actin—G1 structures used
for comparison. In three recent high-resolution F-actin structures
[28,45,48], the mouth distance varies between 7.88 and 9.66 A.
Both parasite actins reach the more closed conformation by
slightly different means. In actin I, the largest differences in
conformation to canonical actins are in subdomain 4 and in actin
II, subdomain 2 (Figs. 4 and $3).

Both structures reported here have calcium and ATP bound to
the nucleotide-binding cleft between subdomains 2 and 4 (Figs. 4
and 6). In the nucleotide-binding residues, there is one interesting
difference in actin I compared to canonical actins and actin 1I;
residue 17, which is hydrophobic (methionine/leucine) in all
canonical actins and actin II, is an asparagine in actin I (Fig. 6 A
and B) and also 7. gondii actin. This side chain is close to the o-
and B-phosphates of ATP. In actin I, the distance of the Asnl7
N2 atom to the B-phosphate O1 atom (~3.75 A) is too long for
hydrogen bonding in this conformation. However, together with
its own main chain N, that of Gly16, and N of Lys19, the Asn17
side chain could form an oxyanion hole to stabilize a negative
charge on the B-phosphate Ol atom (Fig. 6 A). In addition, it
could interact with the a-phosphate. The Asnl7 side chain is
flexible in the crystal structure, as evident from the electron density
maps and B factors, and based on the shape of the electron density
as well as anisotropic ellipsoids, seems to move in concert with
active-site water molecules as well as the nearby Tyr338, which is
in a double conformation.
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doi:10.1371/journal.ppat.1004091.g006

A catalytic mechanism based on a nucleophilic attack of a water
molecule activated by His162 and GIn138 has been proposed for
ATP hydrolysis in actin [57]. The reaction itself is rather simple,
containing only proton transfer steps. The complication arises
from the fact that G-actin — currently the only form of which
atomic-resolution information can be achieved — is a poor catalyst,
and conformational changes upon polymerization are needed for
achieving the catalytically competent conformation of the active
site. Water 39 (actin I numbering) has been proposed to be the
nucleophile initiating the reaction, and depending on the bound
metal, the position of this water changes [57]. In actin I, this water
is 4.75 A away from the y-phosphate, and the angle between the
B-v bridging O, Py, and water 39 is 152.4°, which is amenable for
a nucleophilic attack (Fig. 6 B). The catalytic site water structure
in actin II is different compared to actin I (Fig. 6 C), as the
presumed catalytic water (147 in the actin II structure) has moved
towards His161 and Prol109 and has weak electron density and a
high B factor. The distance of this water to Py is 5.43 A, and itisin
an almost in-line position (162.4°). In fact, according to the
electron density and the distances to neighboring atoms, this water
may be a second conformation of water 357, which is directly
hydrogen bonded to His161. Together, these differences in the
active site architectures between the two parasite actins and
compared to other actins indicate that the catalytic activity and the
exact mechanism of ATP hydrolysis may differ in them, likely
resulting also in differences in polymerization.

Given the structural differences in the catalytic sites, we set out
to test if the Plasmodium actins differ from each other and canonical
actins in their ability to hydrolyze ATP and/or release phosphate.
We first measured phosphate release in the presence of Mg?*
(Fig. 6 D). It should be noted that, as phosphate release at least in
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canonical actins is much slower than hydrolysis, this method gives
only indirect information about the hydrolysis rate. In these
conditions, both parasite actins release phosphate faster than o-
actin. Of the two parasite actins, actin I has a slightly higher rate
(~2 times higher than actin II). Curiously, the chimera with the o-
actin D-loop is approximately 3-fold more active than wild-type
actin I and 23-fold more active than a-actin. We also made two
point mutations to actin I; G115A, which we predicted to affect
the flexibility of the proline-rich loop and, thus, the rate of
hydrolysis, and F54Y, which we hypothesized might affect the
rigidity of the D-loop in monomeric state. Neither of these mutants
formed long filaments without JAS (Fig. 1 F). In the presence of
Mg?*, the F54Y mutant shows identical behavior to wild-type
actin I. G115A, however, has a reduced rate, similar to actin II.
Also the kinetics differ from each other in the different actins.
Whereas actin I and the point mutants release phosphate in a
linear way, o-actin, actin II, and the chimera display more
complex kinetics, having an initial very short, faster, non-linear
phase, followed by a linear phase.

We next measured phosphate release in the Ca**-bound,
presumably mainly monomeric, forms (Fig. 6 D). As expected, o-
actin showed an even lower release of phosphate in the Ca”*-
bound compared to the Mg**-bound form. Both actin I and actin
II have activities equal compared to each other and approximately
5-fold higher than o-actin. The chimera releases phosphate 3-fold
less in the presence of Ca?* than with Mg?*, but the rate is still
significantly higher than that of muscle actin or both wild-type
parasite actins with Ca®". Of the point mutants, F54Y has
practically no activity with Ca®* (identical to o-actin), whereas
G115A is slightly more efficient in the presence of Ca”" than
Mg?". Altogether, these data show that the Plasmodium actins have
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a different mechanism of ATP hydrolysis and/or subsequent
phosphate release compared to canonical actins, which are poor
catalysts in the monomeric form and adopt the catalytic
conformation only upon polymerization, which is a prerequisite
for non-equilibrium polymerization kinetics enabling directional
growth [58]. We were also able to pinpoint amino acid residues
responsible for these differences.

Plasmodium actins have a unique response to ADP

In order to evaluate the oligomeric state of the parasite actins in
the presence of ATP/ADP and different ions, we used native
PAGE. With ATP bound, actin I spontaneously forms short
polymers (from tetramers up to 11-12-mers) in ~48 h when stored
on ice (Figs. 7 and S85). Actin II stays mainly monomeric over the
same period of time, although minute amounts of oligomers
(dimers—octamers) appear. Interestingly, in the presence of ADP,
oligomerization starts instantly, and the majority of both actins is
oligomeric (dimers—10-mers) immediately after a 1-h hexokinase
treatment at 298 K to remove ATP. After incubation of the actins
at 298 K for 1 h without hexokinase, only minute amounts of
oligomers can be visualized for actin I, and no visible oligomer-
ization of actin II takes place (data not shown). After 48 h, the
proportion of larger oligomers of the ADP forms is much higher,
and monomers as well as lower oligomers are practically non-
existent. The formation of oligomers is not caused by oxidation, as
using even a large excess of the reducing agent TCEP in the
sample does not reduce the amount of oligomerization (Fig. 7 A).
Both ATP and ADP forms of a-actin remain monomeric in the
same conditions. However, short oligomers of ATP-a-actin have
been reported below the critical concentration for polymerization
[59].

Because the distribution, when separated on a gel, does not
necessarily reflect the equilibrium between different species in
solution, we also used dynamic light scattering (DLS) to visualize
the size distribution and polydispersity of the actin mono- and
oligomers in solution over time (Fig. 86). The resolution of DLS is
far from that of the native gel assay, and it is only possible to detect
size differences of approximately 56 fold. Therefore, eg.
monomers, dimers, and trimers will appear as a single, polydis-
perse peak. 6 h after purification, actin I is seen in mainly two
separate peaks of average hydrodynamic radii of approximately 2
and 6 nm (Fig. 86 A). 2 nm would be very close to the expected
hydrodynamic radius of the monomer. After 11 h, nearly all of
actin I is in particles with a radius of ~5 nm (Fig. S6 B). As time
goes by, the distribution becomes divided between particles of
below 3 nm (close to a monomer) and larger oligomers with an
average radius of 11-12 nm (Fig. S6 C and D). The polydisper-
sity of the sample after 11 h is very high, indicating that the sample
contains a mixture of monomers and small oligomers, and the
polydispersity diminishes again, as the sample gains a multimodal
distribution, indicating that the smallest oligomers disappear over
time, leaving behind a pool of monomers in addition to the higher
oligomers, consistent with our native PAGE data. As seen also in
the native gels, actin II retains a higher fraction of monomers over
48 h, but also gains a fraction of significantly higher oligomers,
which are, however, infrequent and very heterogeneous in size
(Fig. S6 E-H).

In order to probe the effects of Mg and K' ions on the
oligomerization behavior, we also performed native PAGE in the
presence of two concentrations (1 and 5 mM) of MgCl, as well as
5 mM MgCl, and 50 mM KCI (Fig. S7). In the presence of ATP,
Mg?* slightly reduces the amount of the short oligomers for both
actin I and II compared to the Ca®" forms (Fig. S7 A and B).
However, some actin I is visible at the bottom of the well at the top
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of the gel, which would imply filaments too long to enter the gel.
This could not be seen in the Ca*" gels for either the Plasmodium
proteins or o-actin, but was much more pronounced for o-actin
with Mg®". In the presence of ADP, there is a clear shift towards
longer oligomers in actin I, and after 48 h, part of actin I stays in
the well, not entering the gel in the presence of 5 mM MgCl; both
with and without KCI (Fig. $7 C and D). Thus, Mg®" alone
seems to be sufficient for polymerization.

Actin | cannot replace actin Il in male gametogenesis

We used genetically modified parasites to address the question
whether the observed structural differences translate into different
properties of the proteins i vivo. While it is not possible to delete
actin I due to its essential functions, a knock-out of the actin2 gene
has been done, resulting in a block of male gametogenesis [23,60].
We reasoned that a replacement of actin2 with actinl would display
the mutant phenotype if the two actin isoforms have different
biological functions, while restoration of gametocyte development
would indicate a similar function.

Male gametogenesis in the malaria parasite is a unique event,
involving the formation of flagellar gametes. This event, called
exflagellation (Fig. 8 A and Video S1), is easily scored under the
microscope, allowing us to use it as a quantitative method. In our
approach, actinl was expressed under the control of the actin2
flanking regions. We used a recipient line, in which the complete
open reading frame (ORF) of actin? had been deleted. Therefore,
these parasites do not exflagellate [60]. This line was separately
transfected with two constructs, both aiming at integration into the
actin2 locus. The complementation construct (act2com) restored the
actin2 ORF, which allowed expression of the cognate gene
comparable to wild type. In the replacement construct (act2rep), a
fragment corresponding to the actin] ORF was used instead of the
actin?2 ORF. The constructs were otherwise identical and were
integrated in the locus wie a single crossover homologous
recombination event in the 5" flanking region of actin? (Fig. 8
B). In both cases, clonal lines were obtained. We compared the
act2com and actZrep parasite lines with wild-type parasites in the
exflagellation assay (Fig. 8 C). In the wild-type and act2com
parasites, the number of exflagellation events was similar,
indicating that complementation with actin2 restored the function
of the gene. However, while some normal exflagellation events
were detected also in the act2rep parasites, the numbers were
significantly reduced compared to the act2com parasites (Fig. 8 C),
strongly suggesting that actin II has unique functions, which actin I
cannot fulfill during male gametogenesis.

The actin I-a-actin D-loop chimera restores
gametogenesis

As it became apparent that actin I polymerization properties in
vitro could be altered by exchanging its D-loop to that of o-actin,
we decided to investigate if this modification would also have an
impact on the i viwvo function of actin I. We produced transgenic
parasites using the same strategy as described above; inserting the
actin I-o-actin D-loop chimera into the actin2 locus, producing the
actlchi parasites (Fig. 8 B). Surprisingly, this revealed that the
exchange of the D-loop had a remarkable impact on exflagellation
(Fig. 8 C). In the actlchi parasites, exflagellation was significantly
increased compared to the actZrep strain and restored to values
close to the actZ2com strain. These data show that the D-loop has a
critical role in the function of these actins, but actin II, as shown by
the structural data, has acquired other properties that contribute
to its higher filament stability. Furthermore, and to our surprise, it
seems that the molecular function of actin II may be dependent on
the ability of the protein to form filaments.
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small oligomers upon storage and after exchange of ATP to ADP. Both parasite actins were studied by native PAGE immediately and 48 h after
purification in both ATP and ADP forms. Treatment of ADP-exchanged Plasmodium actins with a high concentration of reducing agent (10 mM TCEP)
has no effect on the behavior of either of the actins. Exchange of ATP to ADP in a-actin (lanes 11-14) does not result in changes in the oligomeric
state. Nt denotes the nucleotide. TCEP - and + denote either the normal 1 mM or an excessive 10 mM concentration, respectively. The approximate
position of the different oligomers, corresponding to lane 2, are given on the left. Note that actin | and Il run slightly differently on the gel. (B-F) The
relative mobility vs. log MW (circles with the oligomeric state indicated on the side) and relative intensities of bands (bars) extracted from gel images
of Coomassie-stained native PAGE gels containing ATP or ADP Plasmodium actin | (B-D) and ADP actin Il (E and F) immediately or 48 h after
purification. The dark grey bars denote the relative intensity of the bands compared to the most intense band and the light grey bars the relative
intensity of the bands compared to the sum of all band intensities.

doi:10.1371/journal.ppat.1004091.9g007

polymerization propensity, and the various regulatory proteins in
higher eukaryotes have evolved as the polymerization properties of
actin itself have been fine-tuned, creating a need for additional
regulation. For the biological functions of actin in Apicomplexa, the
development of similar polymerization properties has strikingly not
been of importance.

Discussion

An actin cytoskeleton was long thought to be a feature unique to
eukaryotic cells, and this view was revisited only two decades ago
upon the discovery of the first bacterial actin and tubulin homologs
[61-64]. The ancient phylum Apicomplexa is likely separated from
opisthokonts by an evolutionary distance of a billion years, and the
diversion of Plasmodium spp. took place hundreds of millions of
years ago [635]. Therefore, looking at the divergent properties of
Plasmodium actins provides us with insight into the early stages of

Different polymerization properties provide evolutionary
cues

actin evolution. The ability of actin to polymerize must have
evolved very early — before its involvement as tracks for molecular
motors [66]. This may explain some features of both the
polymerization propensity and the divergent actin-myosin motor
in Apicomplexa. Also the minimal set of actin-binding proteins in
Apicomplexa suggests that a common ancestor had a limited

PLOS Pathogens | www.plospathogens.org

10

The two Plasmodium actins differ in their polymerization
propensities, filament stability, and filament helical symmetry
the hallmark of canonical F-actin. The second, stage-specific actin
isoform of Plasmodium that forms long filaments with canonical F-
actin symmetry is unique among Apicomplexa. Curiously, at the
sequence level, actin II is as divergent from Plasmodium actin I as it
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Figure 8. The D-loop chimera but not wild-type actin | rescues the phenotype of the actin2 deletion mutant. (A) Exflagellation of a male
gametocyte. The residual P. berghei gametocyte is indicated with an asterisk. The flagellar male gametes beat rapidly. The picture is the first frame of
Video S1. (B) Schematic picture of the actin2 gene in wild-type parasites, the recipient strain act2™ ::mCherry, and the final genotypes of the act2com,
act2rep, and actichi strains. The same experimental strategy was used for all constructs. The actichi strain expresses a chimeric actin, where the D-
loop (amino acids 39-61) has been swapped with the D-loop of a-actin (C) Exflagellation assays comparing wild-type (n=11), act2com (n=11),
act2rep (n=15) and actichi (n=14) parasites. The act2com functionally complemented the mutant, resulting in almost wild-type levels of
exflagellation. The act2rep parasites had a significantly smaller number of exflagellation events, while swapping the D-loop of actin | with that of a-
actin in the actlchi mutant results in significant restoration of exflagellation. n.s. means non significant, *** stands for P<<0.0001, * for P<0.05
(Student’s t-test).

doi:10.1371/journal.ppat.1004091.9g008

is from all other actins. It has been suggested [23], and our filament. An interesting difference that may also contribute to
structural data support the view, that the actin? gene has arisen catalysis is Asnl7 close to the o- and B-phosphates of ATP in the
only after the diversion of Plasmodium from other Apicomplexa, and active site. Intriguingly, the bacterial actin homolog MreB [68]
the protein seems to have gained a higher filament stability shares this residue with Plasmodium actin I, whereas canonical
independent of the evolution of higher eukaryotic actins. actins and also Plasmodium actin II have a hydrophobic residue at
In canonical actins, polymerization is tightly coupled to ATP this position. Thus, this asparagine may be a relict from an early,
hydrolysis, such that structural rearrangements upon polymeriza- polymerization incompetent ancestor.
tion enable the active site to adopt a conformation optimal for The structural features described above may explain the
catalysis [67]. Two key factors have been described necessary for parasite actins’ unconventional response to ADP. Surprisingly,
achieving the catalytically competent conformation upon the the state of the nucleotide seems to determine polymerization
transition from monomeric to filamentous state. These are: (i) a propensity, but not in the same way as in canonical actins. The
rotation of the outer domain (subdomains 1 and 2), resulting in tight link between ATP hydrolysis and polymerization in higher
flattening of the monomer and (ii) bending down of the proline- eukaryotes has probably been refined during the hundreds of
rich loop in subdomain 1 [45,48]. The Plasmodium actins hydrolyze millions of years after the diversion of Apicomplexa. Our data and a
ATP also in the monomeric form, releasing phosphate more recent report proposing an isodesmic polymerization mode for
efficiently than canonical actins, and oligomerize readily in the apicomplexan actins [18] suggest that the same has also happened
presence of ADP, which is a fundamental difference to all other for allosteric regulation of conformational changes taking place
actins characterized, and must be a result of different atomic upon polymerization. However, it is clear that higher resolution
structures. data on the Plasmodium actin filaments are needed in order to find
Interestingly, Plasmodium actin I has a unique glycine at the end out what kind of conformational changes the parasite actins
of the proline-rich loop. This allows more flexibility for this loop, undergo upon polymerization and what is the arrangement of the
which apparently increases the catalytic rate in the presence of  protomers in the filament, leading to the altered symmetry
magnesium but, surprisingly, has an opposite effect in the calcium- compared to canonical F-actin. On the other hand, the
bound form (Fig. 6 D). Also the more closed conformations of distribution of oligomers, as seen on the native gels and DLS
subdomains 2 and 4 in the parasite actins may facilitate ATP (Figs. 7, S5, and S6), suggests that polymerization may involve a
hydrolysis but also reduce the conformational change — or nucleation step, the nucleus being either a dimer or trimer, which
flattening — required upon insertion of the monomer into the are the species that disappear early in the process. Thus, we
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hypothesize that the ADP state may favor nucleation, making ATP
hydrolysis a rate-limiting step for polymerization.

Importance of the D-loop for polymerization

The D-loop plays a key role in the conformational changes
upon polymerization as well as the conformation and stability of F-
actin [28,45,47,48]. Both previous work [26] and our EM analyses
reveal differences in the helical architecture of actin I compared to
o-actin. In the crystal structures, several regions important for
intra-filament contacts in canonical actin filaments show substan-
tial differences between the parasite and opisthokont actins, and
the polymerization propensity and filament stability are overall
likely a sum of numerous atomic details in the monomers. Yet, the
sequence of the o-actin D-loop alone is sufficient to restore the
ability of actin I to form long filaments, without altering the
symmetry compared to the JAS-stabilized wild-type actin I
filaments. Thus, whereas the longitudinal contacts by the D-loop
are important for stability, the shape and symmetry of the
filaments are determined by other factors.

Actin II shows us that stability can be obtained by other means
than the D-loop, probably involving lateral interactions. In
addition to the differences we have described in the residues
involved in lateral contacts, a candidate responsible for increased
stability is residue 200, which is a glycine in Plasmodium actin I and
T. gondii actin [69] but serine or threonine in canonical actins as
well as Plasmodium actin 11 and Theileria actin [9], all of which form
long filaments. It has been reported that the double mutant
G200S/K270M in 7. gondi actin leads to an increased filament
length when using phalloidin-labeled filaments [69]. However, we
were not able to visualize long filaments of this mutant of
Plasmodium actin I in polymerizing conditions without JAS (data
not shown), indicating that several small changes are cumulatively
responsible for the increased stability of actin II filaments.

The tip of the D-loop can adopt a helical conformation, albeit it
is disordered in the vast majority of all G-actin structures, and
appears mainly intrinsically disordered in solution in all nucleotide
states of G-actin [70]. The likely higher helical propensity of the
D-loop in Plasmodium actins may affect polymerization and
filament stability in at least two different ways. If the helical
conformation is more likely to occur in the filamentous form, this
might actually facilitate polymerization, which would be in line
with the proposed low critical concentration [15] or isodesmic
model for polymerization of parasite actins [18]. However, it has
also been proposed that the helical form occurs only transiently in
the filament or that it is favored in the ADP form and leads to
filament destabilization [54,70]. In this way, a higher helical
propensity would contribute to the lower stability of the parasite
actin filaments.

Tyrosine hydrogen bonds can contribute substantially to protein
stability [71]. Tyr54 is a phosphorylation target and plays a
regulatory role in many actins [72-74|. For Ductyostelium actin,
phosphorylation of this tyrosine increases the critical concentration
and controls cell shape changes and spore formation [72-74]. In
Mimosa pudica L., a contact sensitive plant, where actin is heavily
phosphorylated, tyrosine phosphatase inhibitors inhibit the frag-
mentation of actin filaments during leaf bending [75]. In addition
to affecting binding to other proteins, phospho-Tyr54 stabilizes the
D-loop conformation [74]. Upon polymerization, this region
undergoes a large conformational change, and it seems that the
OH group of Tyr54 may be involved in stabilizing interactions
[45] that the Phe54 side chain could not fully compensate for.
Only 11 of over 300 known actin sequences contain a
phenylalanine at this position, and no other substitutions are
known. Most of these 11 sequences are actins from Plasmodium or
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Trypanosoma, both species where actin filaments have not been
observed i viwo. Despite the apparent importance of tyrosine at
this position for normal actins, a single mutation to phenylalanine
i Dictyostelium actin does not affect its polymerization properties
[74]. In line with this, we also could not observe long filaments of
the actin I F54Y mutant (Fig. 1 F). However, the large effect of
the I'54Y mutation on the phosphate release rate of actin I (Fig. 6
D) suggests that this residue, indeed, may significantly affect the
conformation and flexibility of the D-loop.

Together, the above described structural properties may lead to
a higher polymerization propensity but also lower filament stability
in the parasite actins by lowering the energy barrier of the
transition between monomeric and filamentous forms. Yet, the
fact that the replacement of the D-loop alone is sufficient for
stabilizing the filaments formed by actin I, while retaining their
unique symmetry, is surprising, taking into account how similar
the D-loops of the two Plasmodium actins with different stabilities
are. This implies that, starting from an unstable filament forming
ancestor, actin II has reached its present form mainly using other
means than the D-loop for gaining additional filament stability.

Roles of the two actins in vivo

Male gametogenesis is a complex, rapid series of cellular events
including escape from the host cell, three mitotic divisions, and
axoneme assembly, leading to the formation of eight flagellar and
highly motile gametes from each gametocyte within 10-20 min
from activation. Both actin isoforms are present in male
gametocytes of P. bergher [23], but their function in these events
1s not understood. Actin II is not expressed in the asexual blood
stages [23]. Its deletion blocks male gametogenesis, and therefore,
these mutant parasites cannot be transmitted through the
mosquito [23]. Still, it has not been possible to pinpoint the exact
role of actin II. We show that the function of actin II cannot be
complemented by actin I, proving distinct molecular functions for
the two actins and suggesting that their unique structures and the
differences in their ability to form filaments directly translate into
different functional characteristics  vivo. By generating transgenic
parasites expressing the actin I-ot-actin chimera, we found that this
mutant protein was able to function almost as well as actin II in
vivo. This strongly confirms the i vitro experiments and supports
the notion that the D-loop has a significant role in determining the
polymerization properties of the parasite actins. Furthermore, we
can hypothesize that the reason two actins evolved in Plasmodium,
was the need to have actins with different propensities to
polymerize in cells lacking a large repertoire of actin-binding
proteins.

Another example of distinct general and reproductive actin
isoforms can be found in plants, where it was recently shown that
animal cytoplasmic but not muscle actins can take over the
functions of the plant vegetative actins [76]. Remarkably, also
three actins from single-celled protists could carry out the same
tasks, suggesting that the properties required for fulfilling the
cytoplasmic actin functions during spatial development in multi-
cellular organisms were present already early on in the evolution-
ary history. However, it seems that the polymerization properties
of both Plasmodium and all other actins have evolved separately,
starting from a poorly polymerizing ancestor. It would be
interesting to see if either of the Plasmodium actins can support
spatial development in either plants or animals.

The current hypothesis is that actin I in Plasmodium is required
for gliding motility, and the filaments involved need to be short
and short-lived. Our data support this, as actin I forms only very
short polymers. For the suggested role of actin I in gliding, the
formation of long, stable filament seems undesirable [69]. Actin II
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clearly is able to form long filaments, which may be needed for
functions specific to actin II within the mosquito stages, although
such functions have not yet been specified. Intriguingly, Plasmodium
appears to be the only apicomplexan parasite that has faced the
evolutionary pressure for acquiring a second actin isoform that
forms stable, long filaments.

Concluding remarks

Our data provide a structural basis for
different functional properties of the two
Plasmodium spp. These structures represent the, so far, most
divergent and primitive actins characterized, and we show that
the two isoforms have the most unique biochemical properties,
structures, and biological functions of all known actin isoforms.
High-resolution structural information will serve as a starting point
for understanding these functions in detail and for evaluating the
suitability of parasite actins and actin-binding proteins as drug
targets.

understanding the
actin isoforms of

Materials and Methods

Protein expression, purification, and biochemistry

Purification of G1 was performed as described [40]. Endoge-
nous pig skeletal muscle a-actin was purified as described [36,77].
P. falciparum actin 1 (PlasmoDB PF3D7_1246200) and P. berghe
actin II (PlasmoDB PBANKA_103010) were expressed in $f21
cells at 300 K, as described before [36]. A chimera, where residues
40-61 of the P. berghei actin I were replaced by the corresponding
residues from a-actin, was cloned into pFastBac HT A (Invitrogen)
and expressed in the same way as the wild-type actins. Two point
mutations (G115A and F54Y) were introduced to actin I by
incorporating the corresponding mutation to the 5" end of the
primers. The parental plasmid was cleaved with Dpnl and
recirculated with the T4 DNA ligase. The protein coding
sequences were confirmed by DNA sequencing. The purification
of the wild-type actin—G1 complexes was performed as described
[40]. The chimera—G1 was also purified as described before for
the two wild-type actins [40], except that HEPES (pH 7.5) was
used in the lysis buffer, and size exclusion chromatography was
performed in 10 mM HEPES (pH 7.5), 50 mM NaCl, 5 mM
dithiothreitol (DTT), 0.2 mM CaCl, and 0.5 mM ATP. Peak
fractions containing the chimera—G1 were pooled and concen-
trated to 5.6 mg ml~" for crystallization.

The purification of all the actin variants without G1 was
performed essentially as described [40] except for a few
modifications, as listed. For actin I, the lysis was carried out in
10 mM HEPES (pH 7.5), 5 mM CaCl,, 250 mM NaCl, 1 mM
ATP, 5mM P-mercaptocthanol, 15 mM imidazole, and size
exclusion chromatography was performed in 15> mM HEPES
(pH 7.0), 0.5 mM ATP, 5 mM DTT, and 0.2 mM CaCl,. The
pH of the lysis buffer for actin II was 8.7, and size exclusion
chromatography was performed in 25 mM Tris-HCl (pH 7.5),
0.5 mM ATP, 5 mM DTT, and 0.2 mM CaCls. For the chimera,
lysis was carried out in 20 mM HEPES (pH 7.5), 5 mM CaCl,,
250 mM NaCl, | mM ATP, 5 mM B-mercaptoethanol, 15 mM
imidazole, and size exclusion chromatography was performed in
15 mM HEPES (pH 7.0), 0.5 mM ATP, 5mM DTT, and
0.2 mM CaCly. For DLS and filament length measurements, size
exclusion chromatography was performed in 5 mM HEPES
(pH 7.5), 0.5 mM ATP, 2 mM DTT, and 0.2 mM CaCl,. DLS
was measured using a Wyatt DynaPro platereader-II and 15 or
30 ul of actin I and II at concentrations between 8.5-24 uM at
298 K. The measurements were performed in triplicate and the
samples stored at room temperature between the measurements.
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ADP-actin was prepared by incubating 50 pl of 10 uM actin
with 1-2 mg of hexokinase-agarose beads (Sigma-Aldrich, #H-
2653) in 15 mM HEPES pH 7.5, 1 mM ATP, 1 mM tris(2-
carboxyethyl)phosphine (TCEP), 0.2 mM CaCl,, 2 mM D-
glucose for 1 h at 298 K. As a control reaction, Plasmodium actins
I and II were incubated in identical conditions without D-glucose
and hexokinase and subsequently run on native PAGE. The
residual ATP contamination in ADP stocks was removed by
treating them in a similar fashion.

Native PAGE was performed using a running buffer of 25 mM
Tris-HCI (pH 8.5), 195 mM glycine, 0.5 mM ATP or ADP, and
0.1 mM CaCl, or MgCly. The sample buffer consisted of 25 mM
Tris-HCI (pH 8.5), 195 mM glycine, 10% (v/v) glycerol (final
concentrations). Actin samples were loaded at a concentration of
6.7 uM in a volume of 10 ul. Commercial TGX 4-20% gradient
gels (Biorad) were pre-run for 30 min at 277 K, 100 V before
applying the samples. Samples were run for 7 h using the same
voltage settings and temperature, with corresponding nucleotides
and divalent cations in the running buffer. The gels were stained
the next day with Coomassie Brilliant Blue R250.

Relative mobilities were determined by measuring the distance
of the bands from the top of the image and dividing this value by
that of the monomeric band. In the absence of a reference
monomeric band in ADP-Actl (48 h), the absolute value from
ATP-Actl (0 h) was used as a reference. The absolute mobilities of
the other visible bands in these images had a difference of <2.5%.
Gel images were processed and band intensities extracted using
Image] [78]. A rolling ball background subtraction was applied
before manually extracting the intensities.

Actin samples were prepared for the phosphate release assay by
treating 10—-15 uM purified actin with DOWEX 1X8 to remove
nucleotides and free phosphate. After the removal of the
nucleotide and phosphate, ATP was replenished by adding a
small volume of a concentrated stock solution. Buffer controls were
treated in a similar fashion, in order to reset the level of free
phosphate and nucleotide compared to the samples. The
concentration to be used for determining the release rate was
measured from the nucleotide-free solutions in order to reduce the
effect of pipetting errors. After the DOWEX treatment, samples
were divided in triplicate wells of a UV-transparent 96-well plate
(Corning) containing reagents from the EnzChek Phosphate
Release Assay (Molecular Probes) without using the reaction
buffer, which contains MgCl, at a final concentration of 1 mM.
For calcium measurements, the final reaction contained 1 mM
CaCly and 0.1 mM MgCls,. The total omission of MgCl, was not
possible, since the coupled enzyme requires magnesium. For
magnesium measurements, the respective concentrations were
0.13 mM CaCl,; and 1 mM MgCly. Formation of the 2-amino-6-
mercapto-7-methylpurine from the coupled reaction was mea-
sured as absorbance at 360 nm with a kinetic interval of 60 s over
a period of 5 h at 298 K. The total measurement volume was
200 pl. Phosphate release rates were calculated from linear parts
of the plot (100 to 200 min) using GraphPad PRISM 5.03.

Crystallization, diffraction data collection, structure
determination, and refinement

Crystallization and diffraction data collection of both wild-type
actin—-G1 complexes has been described [40]. The chimera-G1
complex was crystallized similarly, and the final crystallization
condition contained 100 mM Tris-HCI (pH 8.0), 8% (w/v) poly-
ethylene glycol (PEG) 20 000, and 2% (v/v) dioxane. Before flash-
cooling in liquid nitrogen, the crystal was shortly soaked in 100 mM
Tris-HCI (pH 8.5), 14% (w/v) PEG 20 000, 2% (v/v) dioxane,
0.5 mM ATP, 50 mM NaCl, 0.2 mM CaCl,, and 10% (w/v) PEG
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400. A diffraction data set to 2.5-A resolution was collected on a
Pilatus 6M detector at the beamline P11, PETRA III (DESY),
Hamburg, using a wavelength of 0.92 A at 100 K. The data
(Table 1) were integrated with XDS [79] and scaled with XSCALE
[79] using XDSi [80]. The actin II-G1 structure was solved by
molecular replacement with Phaser [81] using the o-actin-G1
complex as a search model (PDB code 1P8Z [82]). For actin I-G1
and chimera—Gl1, the actin I and actin I in complex with gelsolin,
respectively, were used as molecular replacement models. The
refinement was carried out with PHENIX refine [83] and manual
model building in Coot [84], and structure validation using the
MOLPROBITY server [85]. For actin I, actin II, and chimera—G1
complexes, 99.8%, 99.8%, and 99.4% of the amino acids,
respectively, were in the allowed regions of the Ramachandran
plot. The final electron density maps as well as data and refinement
statistics are presented in Fig, $2 A—-C and Table 1. The structure
figures were prepared using PYMOL and Chimera [86].

Electron microscopy

Actin (7-13 uM) was polymerized overnight at room temper-
ature. Polymerization was induced by adding 1/10 volume of 10x
polymerization buffer [50 mM Tris-HCI (pH 8.0) or HEPES

Table 1. Data collection and refinement statistics.
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(pH 7.5), 500 mM KCIl, 20 mM MgCly (in cryo-EM 40 mM
MgCly), 50 mM DTT, and 10 mM ATP] with or without 5-7 uM
JAS. In order to concentrate the filaments, actin II and the
chimera in F-buffer were spun for 45 min at 435,000 g, and
remaining pellet was resuspended into polymerization buffer. 2-3-
ul aliquots of the samples were diluted in the polymerization buffer
before applying them on glow-discharged grids (CF-300CU,
Electron Microscopy Sciences) and stained with 1% (w/v) uranyl
acetate or potassium phospho-tungstate (pH 7.0). The grids were
examined with Tecnai G2 Spirit (100 kV) or FEI Tecnai F20
microscopes (200 kV). Filament lengths were measured using
Image]J [78]. Many of the longest (>1 um) measured filaments are
fragments, as both ends were not always visible in the images.

Electron cryo-microscopy

Polymerized samples were applied in 3-ul aliquots onto freshly
glow-discharged holey carbon grids (Quantifoil R 2/2) at 295 K
and 70% humidity and vitrified in liquid ethane using a Leica EM
GP wvitrification robot. Specimens were held in a Gatan 626
cryoholder maintained at 93 K for imaging in a FEI Tecnai F20
microscope operated at 200 kV. Micrographs were recorded
under low dose conditions on a Gatan Ultrascan 4000 CCD

Actin I-G1

Actin 1I-G1

Chimera-G1

Data collection*
Space group

Cell dimensions

Refinement*
Resolution (A)
No. reflections

Rwork/Rfree

P2,2,2

a, b, c (A 40.34, 57.90, 11.59

o, By () 90, 90, 90
Resolution (A) 45-1.19 (1.25-1.19)
e 0.126 (1.194)
CCrt 0.999 (0.383)
UEO) 109 (1.07)
Completeness (%) 100 (100)
Redundancy 7.2 (6.8)

55.2-1.30 (1.35-1.30)
134,201 (13,159)
0.121 (0.230)/0.154 (0.263)

No. atoms
Protein 4,417
Ligand/ion 34
Water 774
B factors (A%
Protein 15.6
Ligand/ion 9.7
Water 20.6
rms deviations
Bond lengths R) 0.011
Bond angles (°) 1.45

P2,

64.25, 60.91, 75.52
90, 97.24, 90
31.9-2.20 (2.25-2.20)
0.156 (0.786)

0.986 (0.568)

5.6 (0.9)

99.4 (95.2)

3.6 (23)

31.91-2.20 (2.28-2.20)
29,446 (2,810)
0.196 (0.255)/0.228 (0.270)

3,940
50
348

36.2
41.0
39.9

0.002
0.67

P2,2,2,

54.24, 69.53, 178.83
90, 90, 90

40-2.5 (2.6-2.50)
0.157 (1.601)

0.998 (0.365)

9.2 (0.9)

99.6 (96.9)

6.7 (4.1)

38.58-2.50 (2.60-2.50)
22,903 (2,454)
0.211 (0.412)/0.264 (0.459)

3,860
40
56

75.0
69.5
516

0.003
0.68

*Values in parentheses are for the highest-resolution shell.
#Reneas is the redundancy-independent R factor [94,95].
CC, ), is defined as the correlation coefficient between two random half data sets [96].
doi:10.1371/journal.ppat.1004091.t001
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camera at a magnification of 69,000 to give a final pixel size of

2.21 A.

Image processing

The contrast transfer function (CTF) of the micrographs was
determined using GTFFIND [87]. A total of 330 (actin I), 56 (actin
II) and 457 (chimera) filaments were selected using e2helixbox-
er.py from the EMAN2 suite [88]. For classification, segments
were excised using a mean step size of 30 A and an additional
random shift along the helix between -15 and 15 A to avoid high-
resolution artifacts in the class average power spectra introduced
by regularly shifted images. The segments were further corrected
for their CTF by phase flipping, and aligned to the vertical axis.
This resulted in 4,581 segments for actin I, 968 for actin II, and
8,052 for the chimera actin. Two-dimensional (2D) classification of
helical segments was performed using the SPARX k-means
algorithm [27]. The segments were iteratively classified and
aligned against a subset of class-averages chosen based on their
quality with a total of four iterations. At each cycle, multiple copies
of the chosen references were created by applying integer y-shifts
ranging from —15 A to +15 A in order to be able to reduce the Y-
shift search range during alignment to less than half of the step size
in order to avoid summation of successive images on a filament
shifted at the same axial position. The total number of class
averages used to measure the cross-over distance was 40 for actin I
and the chimera actin, and 20 for actin II. In addition, Eigen
images were calculated and the corresponding pitch distances were
measured. For 3D structure determination of actin I filaments,
2,182 segments were excised using a regular step size of 70 A,
convolved by their respective CTF and further reconstructed as
described [30] using the software SPRING [89]. In addition,
symmetry refinement was performed using the IHRSR method
[90] by systematically varying the initial helical rises and azimuthal
rotations from 26 to 30 A (step 1 A) and from 164 to 170° (step
1°), respectively. More specifically, 25 iterations of refinement
were computed with SPIDER, using a solid cylinder of 100 A in
diameter as a starting model. The symmetry parameters were
refined with the Asearch program after the second refinement
iteration, using a step size of 0.03 A for helical rise and of 0.05° for
azimuthal rotation.

Genetic replacement of actin Il with actin | in Plasmodium
berghei

The actin? complementation and replacement constructs were
made in a derivative of the pLL0006 vector, which encodes human
DHFR conferring resistance to the drug WR99210 [91,92]. The
design of the constructs is described in detail elsewhere [24], and
the three different constructs were produced following the same
strategy. Briefly, 2.7 kilobase pairs of the promoter and 728 base
pairs of the 3'-flanking region of the P. berghei actin2 gene were
amplified from gDNA and cloned into the vector. For the act2rep
construct, P. berget actin I complete ORF including start and stop
codon was amplified from gDNA and cloned between the actin?
promoter and the 3’ flanking region of actin2. The same strategy
was followed for the act2com construct using the P. berghet actin?
ORF and the actlchi construct. The plasmids were linearized
before transfection of the recipient act2 ™ ::mCherry parasite line [60].
Parasites were cloned as described [93]. Correct integration was
verified by PCR genotyping and Southern blotting. Exflagellation
was scored after diluting blood from an infected mouse in
exflagellation medium [23] and incubating the samples for 10—
20 min at 292 K. The exflagellation events were counted under a
light microscope.
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Accession numbers

The structure factors and coordinates for all three crystal
structures have been submitted to the PDB under the codes 4cbu,
4cbw, and 4cbx. The actin I EM map has been deposited to the
EMDB under the accession code EMD-2572.

Online supplemental material

Figure S1 shows an alignment of apicomplexan and canonical
actin sequences. Figure 82 shows the electron density maps
around the ATP-binding site of the Plasmodium actins and the
chimera and the gelsolin complexes for actin I and II in two
orientations. Figure 83 depicts root mean square deviations
between Plasmodium and canonical actin structures. Figure S4
shows the cryo-EM analysis of the actin I-o-actin chimera
filaments. Figure S5 shows native PAGE analysis of the
Plasmodwm actins in the calcium-bound form. Figure S6 shows
the DLS analysis of the oligomerization of the parasite actins over
time. Figure 87 shows native gels of the Plasmodium actins in the
magnesium-bound form. Video 81 shows an exflagellation event
of a male P. bergher gametocyte.

Supporting Information

Figure S1 Sequence alignment of selected apicomplexan
and canonical actins. The following sequences were used for the
alignment: P. faleiparum actin I (PfActl), P. bergher actin 11 (PbActIl), T.
gondzi actin (TgAct), Dictyostelium discoideum actin (DdAct), Saccharomyces
cerevisiae actin (ScAct), Arabidopsis thaliana actin (AtAct), Homo sapiens
skeletal muscle o-actin (HsAct_alpha_sk), H. sapiens cytoplasmic B-
actin ([sAct_beta_cp), and FH. sapiens smooth muscle 7y-actin
(HsAct_gamma_sm). The numbering refers to, and the secondary
structure assignment is based on, P. falciparum actin 1. The black coils
indicate a-helices and black arrows B-strands. Residues identical in
all sequences are colored blue, and residues in red boxes are either
identical or have similar properties. The yellow, pink, and orange
highlights denote the D-loop (residues 39-61), the proline-rich loop
(residues 109-115), and the hydrophobic loop (residues 263-275),
respectively. Residues marked with blue and green stars are those
discussed in the text as being involved in intra-protofilament or
inter-protofilament contacts, respectively. Cyan stars indicate
residues implicated in catalysis and pink ones those discussed in
the context of Tyr54 in the D-loop. Trp357 in the hydrophobic cleft
1s indicated by a black star, the hinge region (prolines 333-334) with
orange stars, and Ser366, where the C terminus makes a turn in
actin I by a red triangle.

(PDF)

Figure $2 Quality of the electron density maps around
the ATP-binding sites and visualization of G1 binding to
the Plasmodium actins. (A) Actin I-G1, (B) actin II-G1, and
(C) chimera—G1. The electron density is contoured at 2 ¢. ATP
and surrounding residues are labeled. (D) Cartoon representation
of actin I in complex with G1 (red) superimposed on an o-actin-G1
complex (cyan; leqy [39]). Actin is above, gelsolin below, as
indicated. The right-hand panel is rotated by 90° compared to the
left panel. The hydrophobic loop is indicated in the right panel. (E)
Cartoon representation of actin II in complex with G1 (orange)
superimposed on o-actin (cyan). The orientation and labeling are
as in (D).

(TIF)

Figure S3 Root mean square deviations (rmsd) between
Plasmodium actin and canonical actin structures. The

structures were superimposed using the Matchmaker tool in
Chimera [86]. The gray-colored ribbons have been excluded from
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the rmsd calculation. The color panel below presents the rmsd,
which is also highlighted with the thickness of the ribbon. The
Plasmodwm actin structures are compared against each other and
canonical muscle and non-muscle actin-G1 complexes (leqy [39];
rabbit o-actin-G1 and 3cip [72]; Dictyostelium discordeum actin-G1).
(TIF)

Figure S4 Summary of the symmetry analysis of the
actin I-a-actin chimera filaments. (A) Filaments embedded
in vitreous ice. (B) Histogram of half-pitch distances from
measurements of (C) class averages. (D) Eigen images. (E)
Symmetry analysis.

(TIF)

Figure S5 Native PAGE analysis. The relative mobility vs.
log MW (circles) and relative intensities of bands (bars) extracted
from gel images of Coomassie-stained native gels containing the
ATP forms of Plasmodium actin I immediately after purification (A)
and actin II 0 and 48 h after purification (B,C). The dark grey
bars denote the relative intensity of the bands compared to the
most intense band, and the light grey bars the relative intensity of
the bands compared to the sum of all band intensities.

(TIF)

Figure S6 Hydrodynamic radii and polydispersity of
actins I and II over time as measured by dynamic light
scattering. (A-D) P. falciparum actin 1. (E-H) P. berghei actin II.
The average hydrodynamic radius (in nm) of each species and its
standard deviation (n = 3) are shown close to the bars in all panels.
The larger particles, for which no standard deviations are given,
were only observed in one of the triplicate measurements and
represent only a very small fraction of the total mass. Note the
different (and logarithmic) scale of the X axis in (A-D) compared
to (E-H).

(TTF)
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Gametocytogenesis and gametogenesis in malaria parasites are complex processes of cell differentiation
and development likely involving many gene products. Gametocytes develop in the blood of the ver-
tebrate host but mature gametocytes are not activated until taken up by the mosquito vector. Several
distinct mutants have been described that block gametogenesis but the detailed molecular causes for the
mutant phenotypes are not understood. To investigate whether a block in gametogenesis also results in
a changed transcriptional profile we studied two gene deletions mutants; act2(—) lacking stage-specific

{\(Ae;'l‘;vg;ds" actin Il and CDPK4(-) lacking calcium-dependent protein kinase 4. Whole genome microarray analysis
Mosquito was performed from RNA of mature gametocytes to compare the transcriptomes of the mutants with

wild-type Plasmodium berghei. The microarray analysis identified ~12% of all genes being differentially
expressed in either or both mutants compared to normal gametocytes, as defined by at least two-fold
change in transcript abundance. A large proportion of the differentially expressed genes overlapped in
the two mutants, consistent with a related outcome of gametocyte arrest. Distinct profiles in each mutant
were also observed. Among the down-regulated genes were thioredoxin 2 and members of the merozoite
surface protein 7 family. Generation and characterization of a msp7-/mspr1-/mspr2- triple mutant and
re-analysis of trx2~ parasites revealed no impairment of life cycle progression. Together, our analysis
provides a resource for molecular signatures of Plasmodium berghei gametogenesis and exemplifies the
potential of expression profiling of distinct genetically arrested parasites.

© 2015 Published by Elsevier B.V.

Gametogenesis
Transcriptome
Whole genome microarray

1. Introduction

In the malaria parasite Plasmodium berghei, gametocytogenesis
is initiated in the rodent host (for a detailed review on the sex-
ual stages see [1]). Sexually committed trophozoites differentiate
into gametocytes that can first be distinguished by morphological
and molecular criteria at ~16 h after invasion of the red blood cell.
Roughly 10h later, mature gametocytes circulating in the blood
are ready to be transmitted to the mosquito in a blood meal.

* Corresponding author at: Institute of Molecular Biology and Biotechnology,
Foundation for Research and Technology - Hellas N. Plastira 100, Vassilika Vouton,
GR-700 13 Heraklion, Crete, Greece. Fax: +30 2810 391104.

E-mail address: inga@imbb.forth.gr (I. Siden-Kiamos).
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0166-6851/© 2015 Published by Elsevier B.V.

Immediately after uptake, male and female gametocytes egress
from the host cell. In the male, gametocytes undergo additional
steps before release of eight male flagellar gametes from each
gametocyte [2]. These are the result of three mitotic divisions of
the haploid genome and the assembly of eight axonemes. The flag-
ellar gametes exit the cell, locate and enter the female gametes
leading to formation of the zygote. These events are essential for
establishment of an infection in mosquitoes.

The very rapid events during gametogenesis are not well under-
stood although a number of P. berghei mutants have been described
which results in partial or complete block of gametogenesis [3-11].
Of these, CDPK4(-) is lacking calcium dependent protein kinase
4 (CDPK4) that controls early events during male gametogenesis
[4]. In its absence mitotic divisions are blocked and axonemes are
no longer formed. However, egress of the gametocytes from the
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host cells is not affected. Another mutant, lacking stage-specific
actin II [5], is blocked in male gametogenesis at a later stage. In
this mutant, mitotic divisions take place normally and axonemes
assemble but they remain immotile. In addition the male game-
tocytes are trapped within the host cell. Importantly, neither of
the two genes is thought to be directly involved in transcriptional
regulation.

Preliminary experiments during the course of investigation of
the actin Il knockout mutant surprisingly indicated that transcript
levels of some genes were altered in this mutant. We reasoned
that the mutation may have an indirect effect on transcription and
that transcriptional profiles will likely represent the steady state
transcript levels at the time of developmental arrest. We there-
fore performed a whole genome microarray analysis of samples
derived from gametocytes of WT and act2(—) mutant parasites. We
also included in our analysis the CDPK4(—) mutant, reasoning that
the two mutants that arrest at different time points in male gamete
maturation could have common and distinct effects. Therefore, the
analysis could possibly define sequential expression profiles and
reveal common processes in gametocytes.

2. Materials and methods
2.1. Ethics statement

All animal work was carried out in strict compliance with the
Greek Presidential Decree 56/2013 implementing the EU Directive
2010/63/EE on the protection of animals used for scientific pur-
poses. The protocol has been approved by Committee for Evaluation
of Research Protocols at FORTH (protocol number 6740/08/10/2014
to Inga Siden-Kiamos).

2.2. Parasites and parasitology methods

WT parasites were P. berghei strains ANKA 2.34 and WT-GFP
[12].The act2(—) and CDPK4(—) mutant parasites have been previ-
ously described [4,5], as well as the trx2— mutant [13]. P. berghei
parasites were maintained in Theiler’s Original mice. Gametocytes
were isolated from sulfadiazine treated mice [ 14] using the method
described in [5]. The samples were monitored using Giemsa stained
blood smears and immunolabelling using the NAP antibody (previ-
ously called SET) [15]. Only samples, which contained <1% asexual
blood stages and <2% activated gametocytes as determined by the
NAP immunolabelling, were included in the analysis.

2.3. Preparation of RNA

Total RNA was isolated with TRIzol (Life Technologies) accord-
ing the supplier’s protocol using Glycogen as carrier. Quality control
and quantification of total RNA was assessed using an Agilent
2100 Bioanalyzer with a RNA Nano 6000 microfluidics kit (Agilent
Technologies) and a NanoDrop 1000 UV-vis spectrophotometer
(Kisker).

2.4. Microarray analysis

Microarray experiments were performed as dual-color
hybridizations. In order to compensate dye specific effects
and to ensure statistically relevant data, color-swap dye-reversal
hybridizations were performed [16]. RNA labeling was done with
a two-color Quick Amp Labeling Kit according the supplier’s
recommendations (Agilent Technologies). In brief, mRNA was
reverse transcribed and amplified using an oligo-dT-T7 promoter
primer, and labeled with Cyanine 3-CTP or Cyanine 5-CTP. After
precipitation, purification, and quantification, 1.25pg of each
labeled cRNA was fragmented and hybridized to custom designed

P. berghei whole genome 4 x 44 K multipack microarrays (Design
ID Agilent-024169) according to the manufacturer’s protocol (Agi-
lent Technologies). Scanning of microarrays was performed with
5 um resolution using a G2565CA high-resolution laser microar-
ray scanner (Agilent Technologies) with XDR extended range.
Microarray image data were analyzed and extracted with the
Image Analysis/Feature Extraction software G2567AA v. A.11.0.1.1
(Agilent Technologies) using default settings and the protocol
GE2_1100_Jul11. The extracted MAGE-ML files were subsequently
analyzed with the Rosetta Resolver, Build 7.2.2 SP1.31 (Rosetta
Biosoftware). Ratio profiles comprising single hybridizations were
combined in an error-weighted fashion to create ratio experiments.
A 1.5-fold change expression cut-off for ratio experiments was
applied together with anti-correlation of ratio profiles, rendering
the microarray analysis highly significant (P<0.01), robust, and
reproducible. The data discussed in this publication have been
deposited in NCBI's Gene Expression Omnibus and are accessible
through GEO Series accession numbers GSE65032 and GPL19614.

2.5. Real time PCR

RNA was isolated from whole blood using the TRI Reagent
BD according to manufacturer’s instructions (Sigma). The result-
ing RNA was treated with DNase I (Promega) and cleaned
up using the RNeasy MinElute Clean up Kit (Qiagen). 2 pg of
total RNA was used in reverse transcription reactions (Ther-
moscript RT-PCR System, Invitrogen). Gene expression was
quantified by SYBR green PCR using KAPA SYBR FAST qPCR Kit
Master Mix (2x) ABI Prism. qPCR for each sample was carried
out in triplicates. The relative quantification in mutant lines
was determined using the Pfaffl mathematical model [17]. All
data were normalized to glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) mRNA levels [18]. The following primers
were used: nap (forward TATAATTAAAAGACTATATGTAATATCC-
CCAGTT, reverse AATTCGAAATAAATTTGCATTTTCTGGAATATTTC),
mdv1 (forward TATGTAGGTTTAAAAGCCGCAGACTTA,
reverse CAATTTCTTCTTCAGGGTCTTCATCG),  gapdh (for-
ward AATTAAAGAAGCATCTGAGGGTCCAC, reverse
TTGAATATCCCCATTCATTGTCATACC), map2 (forward
TTTAAGCATGCAAAATGATGATAGCACATA, reverse
TCTCGGATGCATTGTATTCTTITTCG), cdpk4 (forward GGATGTCCAC-
CTTTTAATGGATCTAA, reverse TCTTGCTGATATTCTCACAGCACTT),
gest (forward TCTTGAAATTGGTGACACAGTTTCGA, reverse
TATTTCAGCGTCATTCTCAAGAAGAG).

2.6. Construction and genotypic analysis of triple knockout
(Atriplemsp?7) parasites

The gene knockout targeting vector for the triple knock-
out lacking msrpl, msp7 and msrp2 was constructed using
the pBS-HFDR vector with a polylinker site flanking a T.
gondii dhfr/ts expression cassette conveying resistance to
pyrimethamine (Supplementary Fig. 1A). PCR primers N0461
(5- CCCCGGGCCCGACTCTCAATACTAGGTATAAGGTACAG-3')
and NO0462 (5-  GGGGAAGCTTTTITTTTTAACAAAATTGA-
GAAAAAAATAATA -3') were used to generate a 937 bp fragment
of 5’ upstream sequence (immediately upstream of the ATG start
codon) of msrp1 from genomic DNA, which was inserted into Apal
and HindlIll restriction sites upstream of the dhfr/ts cassette of
pBS-DHFR. A 895 bp fragment generated with primers N0463 (5'-
CCCCGAATTCTGTTTAATCGCTTATTTTCATTITATC -3’') and NO0464
(5'- GGGGTCTAGAGATTTATTAGCAGAAGCTCAAATTGTTG -3') from
the 3’ flanking region of msrp2 was then inserted downstream of
the dhfr/ts cassette using EcoRI and Xbal restriction sites. The linear
targeting sequence was released using Apal/Xbal. P. berghei ANKA
line 2.34 was then transfected by electroporation [12]. Briefly,
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Fig. 1. Summary of microarray expression profiling data. Scatterplots of log-intensity values of wild-type (WT) versus act2(—) (left) and of WT versus CDPK4(—) (right). Color
coding denotes unchanged (blue), signature (grey), downregulated (green), and upregulated (red). The number of reporters for each category is shown to the right. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

electroporated parasites were mixed immediately with 100 wl of
reticulocyte-rich blood from a phenylhydrazine (Sigma) treated,
naive mouse, incubated at 37°C for 20min and then injected
intraperitoneally. From day 1 post infection pyrimethamine
(70 pg/ml) (Sigma) was supplied in the drinking water for four
days. Mice were monitored for 15 days and drug selection was
repeated after passage to a second mouse. Resistant parasites
were then used for cloning by limiting dilution and subsequent
genotyping.

Four diagnostic PCR reactions were used (Supplementary Fig.
1B). Primer 1 (IntN46 5'- CCTAAACAGGTTTAAACACGAAGAAAAG-
3’) and primer 2 (248 5'- GATGTGTTATGTGATTAATTCATACAC-3')
were used to determine if successful integration of the selectable
marker at the targeted locus had occurred. Primers 3 (N55
KO1 5'- GACATACCTAACGATTCAAATGACATAAGC-3’) and primer
4 (N55 KO2 5- GGGCTTAGTATATTTATTACACCATCTTC-3') were
used to verify deletion of msrpl, primer 5 (MSP7 KO1 5'-
CCAAATTGATCAAATGAACAAATATGAAAAAGG-3') and primer 6
(MSP7 KO2 5'-GTTCATTAAGAATCTCATCAAAAATTGTGCC-3') were
used to verify deletion of msp7 and primer 7 (N54 KO1 5'-
ACAATGACGAAGTCGAAGGGAATGCCGAACC-3') and primer 8 (N54
KO2 5'- GGAGGGGATGCTGGAGCAGGTGGTGGTG-3’) were used to
verify deletion of msrp2.

3. Results

3.1. Global expression profiling in arrested act2(—) and
CDPK4(-) gametocytes by microarray

For the microarray analyses, mice were infected with wild-type
(WT) and the two mutant parasite lines. Two biological replicates
from independent infections of each strain were included in the
analyses. Infected mice were treated with sulfadiazine [ 14], to elim-
inate the asexual stages, while leaving gametocytes unaffected.
Only samples that had <1% asexual blood stages, as determined
by Giemsa staining of blood smears, were included for further
analysis. The gametocytes were purified using Nycodenz gradi-
ent centrifugation. All samples were verified by immunolabeling
with the NAP/SET antibody, which is indicative of activated male
gametocytes [15]. This test excluded that the gametocytes had
been inadvertently activated during purification, as it has been
shown thatactivation leads to a change in the transcriptional profile
[19]. RNA was extracted and used for the microarray experiments
employing dual colour labeling.

Microarrays were custom-designed and had a “tiling like”
design with 36,025 custom designed and 5198 P. berghei
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Fig. 2. Quantitative real-time PCR confirms the microarray data. Y-axis indicates the
Log2 relative fold change expression between act2(—) and WT using real-time PCR
compared to the results from the microarray analysis. The selected genes were nap
(n=4), mdv1 (n=6), Pbgest (n=4), cdpk4 (n=1) and map2 (n=3). Data are presented
as means of all experiments. Error bar for RT-PCR data represent S.E.M.

reporters representing the whole genome sequence. For each gene,
values of several reporters were combined to quantify expression
levels. The first screening of the results was done on reporter level.

The dual color expression profiling data are displayed in scatter
plots, where the log-intensity in the WT sample are plotted against
the log-intensities in the act2(—) and CDPK4(—) samples (Fig. 1). In
both scatterplots the majority of reporters are centered along the
diagonal axis, indicative of the overall very good precision of the
analyses. ~30% of reporters display different expression signatures
(Fig. 1). The ratio between the up- and down-regulated reporters
was 1.1 and 0.89 for CDPK4(—) and act2(—) parasites, respectively.

3.2. Validation of expression profiling by qRT-PCR

We next validated the microarray experiments by quantita-
tive real-time PCR (qRT-PCR) using RNA from act2(—) and WT
gametocytes (Fig. 2). We selected five genes with reported crit-
ical functions during gametogenesis, nap (PBANKA_081990),
mdvl  (PBANKA_143220), gest (PBANKA_131270), map2
(PBANKA_093370) and cdpk4 (PBANKA_061520).

The change in gene expression comparing WT and act2(—) were
calculated from the qRT-PCR values using a standard mathematical
model [17] and the results are represented as relative expression.
Comparing the qRT-PCR and microarray data, we observed similar
expression profiles for four out of the five selected genes. map2
transcripts were slightly, but significantly, decreased in the act2(-)
when measured by qRT-PCR while the microarray results showed a
small increase, i.e., <1.5 fold change. nap and gest expression were
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consistently decreased in act2(—) gametocytes, while mdv-1 and
cdpk4 showed an up-regulation by both methods.

3.3. Identification and characterization of genes differentially
regulated in the mutants

For systematic comparison between WT and the act2(-) and
CDPK4(—) gametocytes we applied thresholds, including 3 fil-
ters (Fig. 3A). First, an expression cut-off of twofold change was
applied. Next, only genes which had significant P-values (P <0.01)
were included in the analysis. We excluded P. berghei interspersed
repeats (BIR), and genes involved in ribosome and tRNA synthesis.
The result of this filtering yielded a total of 411 and 386 genes that
were differentially expressed in the act2(—) and CDPK4(—) mutants,
respectively. The total number was 599, after removing 198 genes
which were present in both datasets.

Comparisons of the genes of both knock-out mutants fulfill-
ing these criteria are presented in a Venn diagram (Fig. 3B). This
analysis revealed a substantial overlap of up- and down-regulated
genes in both mutants, most likely due to the developmental arrest
prior to male exflagellation. 83 genes were down-regulated in
act2(—) and CDPK4(-) parasites, 115 genes were up-regulated in
both mutants, reflecting 52% and 44% of all up-regulated transcripts
in act2(—) and CDPK4(—) parasites, respectively. In act2(—) arrested
gametocytes mutant, 105 and 108 genes were specifically up- and
down-regulated, respectively. Similarly, in cdpk4(—) gametocytes,
the transcription of 148 and 40 distinct genes were increased and
decreased, respectively. These genes might be representative of the
consecutive arrests with cdpk4(—) parasites arresting earlier than
act2(—) mutants.

To further analyze the complete dataset of the 599 differentially
expressed genes we made use of the annotation in the Plasmodium
genomics database [20]. Functional annotation was available for
29% of all genes comparable to the whole genome analysis for which
2781 (56%) genes had functional annotation [21]. A search of the
annotated GO process was carried out for each gene in the data-
lists. For 71% of the genes in both knock-out mutants, annotations
are lacking completely, reflecting the current lack of understanding
gene function in malaria parasites. These are referred to as genes
with unknown processes.

For genes with known processes 101 different terms were
found. Therefore, we simplified the results by organizing the
data in 9 different classes based on the GO ancestor’s terms
of the known processes (Fig. 4A and B). The classification was
done in the six groups of the Venn diagram. The major classes

of up-regulated genes were “protein metabolic process” and
“nucleobase-containing compound metabolic process” in both
knock-out mutants. In contrast, the dominant classes of down-
regulated genes are “gene expression” and “transport”. The number
of down-regulated genes with a GO annotation was more pro-
nounced in the act2(—) mutant, but this may simply reflect the
fact that much fewer genes were found down-regulated in the
CDPK4(—) mutant (108 and 40, respectively).

A classification based on the annotated GO component was also
performed. The percentage of genes with unknown annotated GO
term is ~80%. Screening the genes with known component, a total
of 46 different terms was found, which could be assigned to 11
classes. However, as few genes were annotated only 5 and 3 classes
are shown in Fig. 4C and D. The major class is “membrane” in both
knock-out mutants. Again we noted that the act2(—) mutant was
over-represented among the down-regulated genes in comparison
to the CDPK4(—) mutant.

3.4. Biological functions of down-regulated genes

A more detailed analysis was performed on the 50 genes with
the greatest decrease of expression in act2(—) and CDPK4(-),
respectively. As expected, cdpk4 was the most highly down-
regulated in the cognate mutant but not further included in the
analysis. The pooled genes were divided in three categories: (1)
genes which were found among the 50 top hits in both datasets
(24 genes), (2) genes which were not found in the top hits in the
other mutant but still present in the list of down-regulated genes
(act2(—) 11 genes; cdpk4(—) 13 genes), and (3) genes which were
not found in the down-regulated genes in the other mutant (act2(-)
15 genes, cdpk4(—) 13 genes). Thus, 76 genes were uniquely rep-
resented in the pooled data. Comparing the fold down-regulation
of the act2(—) genes with that of CDPK4(—), restricted to the cat-
egories 1 and 2 above, did not reveal any correlation between the
two mutants. This was especially noticeable for genes, which had
the largest difference in expression compared to WT (Fig. 5A). We
used recent RNAseq data [21] to characterize the mRNA expression
profiles of the 64 genes, for which transcription data were avail-
able. We categorized peak expression of each gene in ring stages,
trophozoites, schizonts, gametocytes or ookinetes, the stages for
which RNAseq data are currently available. 75% of the genes have
a peak of expression in the asexual stages (Fig. 5B).

Functional annotation for each encoded protein was then
extracted from the Plasmodium database [20]. Of the 76 genes
with decreased expression, 26 genes were annotated as coding
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for conserved “Plasmodium proteins with unknown function”, 10
genes encoded “Plasmodium exported proteins with unknown
function” and three unspecific products. The remaining 37 genes
were grouped according to the function of the encoded protein
(Supplementary Table S1). Ten genes are likely involved in DNA
folding, chromatin assembly and replication, in transcription and
in translation. Three genes encoded transporters, and one prod-
uct appears to be involved in vesicular trafficking. Ten enzymes
were included in the list, two of which are enzymes necessary
for GPI anchor synthesis. Successful gene disruptions had been
reported for eight genes (Supplementary Table S1, bold and under-
lined). For seven of these no analysis of the sexual stages have
been reported, while a gene disruption of the P. yoelii orthologue of
PBANKA_136010 encoding nucleoside transporter 1 was suggested
to have a possible phenotype in male gametogenesis [22].

Of the 13 genes only found in apicomplexan parasites, we par-
ticularly noted the presence of the three members of the small
family of MSP7-like proteins. MSP7 is a protein on the merozoite
surface (merozoite surface protein, MSP), which mediates the first
interaction between parasite and erythrocyte. In rodent parasites
msp7 together with msrp1 and msrp2 constitute a small family of
related genes located at the same locus [23]. All three genes in this
family were found to be highly down-regulated in both mutants

(Supplementary Table S1). Another gene which expression was
highly down-regulated in both mutants was TRX2. We validated the
down-regulation of TRX2 and msrp2 by quantitative real-time PCR
using the RNA samples from act2(—) and WT purified gametocytes.
This confirmed the microarray results, since TRX2 expression was
4.3 fold and msrp2 expression 6.7 fold down-regulated as compared
to WT. Parasites lacking expression of MSP7 and TRX2, respec-
tively, were shown to have reduced asexual growth rate in mice,
but the previous studies had not specifically addressed whether
these genes had a function in the mosquito stages [13,24]. To
test whether down-regulation of these genes could partially phe-
nocopy the developmental arrests seen in act2(—) and CDPK4(-)
gametocytogenesis, we investigated the transmission phenotype
of parasites lacking thioredoxin (trx2). In addition, we generated a
triple mutant lacking merozoite surface protein 7 (msp7) Msp7-like
protein (mspr1) and Msp7-like protein (msrp2), called Atriplemsp?7.
The three genes are located next to each other on chromosome
13 (Supplementary Fig. S2). By targeting the region upstream of
mspr1 and downstream of msrp2, respectively, the three genes were
replaced with one cassette encoding resistance to the antifolate
pyrimethamine using standard gene targeting methods. As controls
we used the cognate WT parasite lines, namely WT strain ANKA
and WT expressing GFP. Blood samples containing gametocytes
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were activated in vitro to quantify exflagellation (Supplementary
Fig. S2A, Supplementary Table S2). No difference was detected com-
paring the mutant parasites and the corresponding controls. Next,
we followed the life cycle of the parasites in the mosquito stages.
In vitro ookinete cultures were used to measure the ookinete con-
versionrate, staining the females, zygotes and ookinetes with Pbs21
antibody (Supplementary Fig. S2B, Supplementary Table S3). Again,
no difference was detected between the different strains. We also
fed mosquitoes on infected mice to determine whether the mutants
could develop into oocysts. The numbers of oocysts were compara-
ble to WT parasites (Supplementary Fig. S2C, Supplementary Table
S4) and the parasites were normally transmitted to naive mice
when fed on infected mosquitoes. Taken together, our results show
that these proteins are not critical for successful host switch.

3.5. Biological functions of up-regulated genes

We next analyzed the 50 genes that were most highly up-
regulated in each of the two arrested mutant parasites. Similarly
to the analysis of the down-regulated genes the pooled genes were
divided in three categories: (1) genes which were found among the
50 top hits in both mutants (15 genes), (2) genes which were not
found in the top hits in the other mutant but still present in the
list of up-regulated genes (act2(—) 17 genes; cdpk4(—) 10 genes),
and (3) genes which were not found in the up-regulated genes in
the other mutant (act2(—) 18 genes; cdpk4(—) 25 genes). Plotting
the fold up-regulation of the CDPK4(—) mutant against the act2(—)
for those genes present in both datasets (categories 1 and 2 above)
showed that the expression levels of these genes were correlated
in the two strains, suggesting a similar outcome in the two differ-
ent mutants (Fig 6A). However, it should be noted that there are
also many genes that were present in the filtered dataset of only

A
15
;_\': 104
&
Q
O
54
C T T 1
0 5 10 15
act2(-)
B

W Gametocytes
M Ookinetes
I Ring stage
Trophozoite

Schizont

Fig. 6. Analysis of highly up-regulated genes. (A) Comparison of fold up-regulation
of genes in the CDPK4(—) and act2(—) mutants. 42 genes, for which data exists for
both mutants, were included. (B) Classification of the genes based on published
RNAseq data [21] (85/85 genes). (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

one of the mutants. These observations suggest that there are both
similar and distinct effects of the two mutations, as expected for
the different phenotype in each mutant. We categorized the peak
of expression, as described above. In this case the peak of tran-
scription of more than half of the genes was found to be in the
gametocytes and ookinetes, which is in contrast to the finding of
the down-regulated genes (Fig. 6B).

Of the 85 genes present in the pooled dataset 42 genes had
a function assigned. The remaining 43 encoded proteins were
expressed genes of unknown functions. The 42 genes were grouped
based on the assigned function (Supplementary Table S5). Five gene
products were involved in protein folding and degradation; three
proteins are putatively involved in the degradation of proteins by
the proteasome and one is a chaperone. This group of proteins
may have a role in the extensive remodeling of the cells taking
place in the transformation of gametocytes to zygotes and then to
ookinetes. Two topoisomerases, which resolve intermediates dur-
ing DNA replication, were among the proteins whose genes were
up-regulated, which might have a role during the mitotic divisions
during male gametogenesis. Notably, the gene encoding AP2-2G
transcription factor was up-regulated in the CDPK4(—) mutant. Four
enzymes and one transporter related to glycolysis and the TCA
cycle were also present in the dataset. This could possibly reflect
the changes in metabolism during transition from the blood to
the insect. The most highly up-regulated gene in both mutants
encoded a N6-adenine-specific methylase. This protein has mostly
been studied in prokaryotes, where its role is to methylate DNA and,
thus, protect it from digestion by restriction endonucleases, but it
is also found in lower eukaryotes. Here, its role is suggested to be
different and possibly involved in regulating DNA-protein interac-
tion and/or protecting the DNA during its replication [25]. Three
proteins restricted to Plasmodium and one to Apicomplexa were
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found in the dataset. All four had their peak of transcription in
gametocytes or ookinetes and their expression is down-regulated
in the DOZI mutant [26]. Five successful gene disruptions have been
reported, but only in the case of the mutant lacking AP2-2G was
a phenotype in the sexual stages reported; these mutants were
unable to form mature gametocytes [27]. However, it is not obvious
ifincreased transcription, as detected in the act2(—) mutant, would
have any effect on the development of the gametocytes.

4. Discussion

Taken together our results suggest that a block in male gameto-
genesis in the absence of actin Il or CDPK4 result in a differentiated
transcriptional response including ~12% of all parasite genes
(599/4979). This was unexpected given that none of the two pro-
teins were expected to be directly involved in transcriptional
regulation. Clearly the cellular perturbations in the absence of any
of the two proteins are more profound than what could be deduced
from the previously published phenotypical analyses of gene dele-
tion mutants lacking either of the two proteins [4,5]. One important
observation was that in no case was a gene up-regulated in one
mutant and down-regulated in the other. After restricting the anal-
ysis to the most highly regulated genes, we found that there was a
group of genes which had a broadly similar transcriptional response
in both mutants, although there were also genes which were found
to be regulated in only one of the two mutants. A finding of interest
is that in the WT the transcripts of the majority of the down-
regulated genes peak in the asexual stages, while the reverse is
true for the up-regulated genes, that is most of these genes display
peak expressions in the gametocyte or ookinete stages.

Our knowledge of transcriptional regulation in malaria para-
sites and how it is regulated in different stages of the life cycle is
very limited. The recent discovery of a master regulator, the AP2-
G transcriptional activator [27,28], indicates that the program of
sexual development is controlled on the level of transcription. In
our analysis we studied gametocytes, which are blocked in their
final developmental step towards mature male gametes. While the
phenotypes of the two mutants are well described on the cellular
level we don’t know their detailed molecular function, their inter-
acting partners, or the timing of their critical function. Both genes
are transcribed early in gametocyte development ([5] and unpub-
lished observation). Hence, one possibility is that the phenotype
can be explained by functions hours before the commencement
of gametogenesis. One observation, which may provide a clue to
these unexpected results of the act2(—) mutants, is that ubiquitous
actin I is observed in the nucleus of male gametocytes, but after
commencement of gametogenesis this actin isoform is detected
exclusively in the cytoplasm [5]. In the act2(—) mutant, actin I
remains in the nucleus instead. Actin I has been shown to have
a role in gene expression in asexual parasites [29]. Therefore, an
indirect role of actin II in regulation of transcription in gameto-
cytes via actin I is possible, but in the absence of experimental
data to support this hypothesis this remains entirely speculative.
Another interpretation of our results is that these mutations lead
to a general disruption of cellular organization which also relaxes
transcriptional control.

Our attempts to phenocopy the phenotype of the two mutants
studied here, by re-analyzing a single and a triple mutant were not
successful. None of the two had a phenotype in the mosquito stages.
For another seventeen of the differentially expressed genes that we
identified here, successful gene disruption have been carried out. Of
these, seven were shown to have no phenotype in the sexual stages,
while for two no data on these stages was available. Two gene dis-
ruptions had a phenotype in the sexual stages: for the nti knockout a
possible phenotype in gametogenesis was reported [22], while the

lack of AP2-G2 resulted in an almost complete absence of game-
tocytes [27,28]. However, this latter observation is not consistent
with the phenotype of the two mutants studied here as they form
normal mature gametocytes. Thus, our original hypothesis that
the arrest of gametogenesis in the act2(—) and CDPK4(—) mutants
would indirectly lead to down-regulation of genes with an impor-
tant function in the sexual stages did not hold true, at least in the
cases for which data is available. Taken together, our results sup-
port the notion that the arrest of gametocytes in these two mutants
leads to a general disruption of organization of the cell, rather than
specific effects on genes necessary for gametogenesis.
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