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Iepiinyn

Av dev emd10pBmBovV, o1 HEPOTEMKEG TPOGOECELS UTOPOHV Vo 0O YIGOLV GTO
AoVOOGUEVO  SOYOPICHO TOV  YPOUOCOUAT®OV OTNV OVAPOCY. XTNV TOPOVLGO
dwTpifny, deiyvoovpe 6tL M Kivdon Chkl mpootatedel Ta KOTTOPA TOV GTOVIVAWTOV
and TIC UEPOTEMKEG TPOGOEGELS KOl TO YPOUOCHUOTO TOV KOOLGTEPOUV Ko
arorteitor Yo emdOOpOOoN TOV UEPOTEAMK®OV TPOCOECEMY Katd TN Oldpkela
TapOTETOUEVNG peETapaonc. Mewwpévn evepydtnta g Chkl odnyel oe otabepoic
WKPOGMANVIOKOVG TOV Kvntoyowpwv, aotadn mpocdeon tov MCAK, Kif2b kot
Mps1 ot0 kevVTpouePN 1| GTOVE KIVNTOYDPOVS KOl LEIOUEVT pwc@opvAimon g Hecl
a6 v Aurora-B. H pocpopvrioon g Aurora-B ot oepivn 331 and v Chkl
glvar VYNA oV  TPOUETAPOOT KOU HEIDOVETOL OTNUOVTIKG OTN HETAPOON.
[Ipoteivovpe 611 N QeooeopvAimon ot ogpivn 331 eivoanr amoapaitmtn yw tov
evromiopd tov MCAK, Kif2b kat Mpsl ota kevipopepn 1 6TOVE KIVIITOXMPOLS Kot
v ™ eocpopviioon g Hecl. EmmpocBétmg, avactoAr] tng evepydtmrog g
Mpsl peidver v apykn tpdcdeon tov MCAK ko Kif2b ota kevipopepn 1 6toug
KWV TOYMPOLG, EAATTOVEL TN Qc@opvAimon ¢ Hecl ko mpokodel pepoteAikég
npocodéoelg oto kuttapa pe petwpévn Chkl. Tlpoteivovpe 611t 1 Chkl o np Mpsl
pvOuiCovuv and wowod Tic Aurora-B, MCAK, Kif2b xatr Hecl mpokeévov va
emd10pH®OOLV 01 PEPOTEMKESG TPOGOETELS. AVTE TO OMOTEAEGLLOTA VITOGEIKVOOLV VOl

poro g Chkl kot g Mpsl oty end1dpbwon tov AavOacpéEVOY TPOGOEGEMVY.
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Abstract

Merotelic kinetochore attachments can induce mis-segregated chromosomes in
anaphase. In the present study, we show that Chk1 kinase, a component of the DNA
damage and DNA replication responses, protects vertebrate cells against merotelic
attachments and lagging chromosomes and regulates correction of merotelic
attachments during a prolonged metaphase. Decreased Chkl activity leads to
hyperstable kinetochore-microtubules, unstable binding of MCAK, Kif2b and Mpsl
to centromeres or kinetochores and reduced phosphorylation of Hecl by Aurora-B
kinase. Chkl phosphorylates Aurora-B Serine 331 at kinetochores and this
phosphorylation is high in prometaphase and decreases significantly when
chromosomes bi-orient. We propose that phosphorylation of Serine 331 by Chkl1 is
required for localization of MCAK, Kif2b and Mpsl to centromeres or kinetochores
and for Hecl phosphorylation. Furthermore, inhibition of Mpsl activity diminishes
initial recruitment of MCAK and Kif2b to centromeres or kinetochores, impairs
mitotic Hecl phosphorylation and exacerbates merotelic attachments in the absence
of Chkl function. We propose that Chkl and Mpsl jointly regulate Aurora-B,
MCAK, Kif2b and Hecl functions to correct merotelic attachments. These results

suggest a previously unreported role for Chk1l and Mpsl1 in error correction.

10
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11
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1. Ewoayoyn

1.1 MitoTk) owipeon

Koatd ) ddpkela g MITOTIKNG O10ipeonS, To SITAOGIOGUEVO YPOULOCHLLOTO,
dwywpiCoviar ota dVvo Bvyatpikd kvtropo. H pitwon omoteheiton amd to €EN1G
oTAdwW: TNV TPOQGAGCT), TNV TPOUETAPOCT, TN HETAPACT), TNV OVAQEOCT KOl TNV
tedopaon (Tanaka, 2012). Kotd v zmpdéeacm apyilet n ovumdkvoon tov
YPOLOCOUAT®V 1 omoia akoAovBeital amd T SAALGN TOL TLPNVIKOD POKEAOL KOTA
TNV TPOUETAPACT KOl TNV TPOGOESN TOV HKPOCOANVIOK®V TNG OTPAKTOV GTOVG
KIVITOYOPOLG TV adeApdv ypouatidov. Koatd tn petdeoon Okeg ot adelpég
YPOLOTIOES oTOoYILOVTOL GTO 1IOTUEPIVO EMIMEDO KOl GTI GLVEYELD TA XPOUOCOUOTO
dympilovior 6Tovg 60 TOAOLE TNG ATPAKTOV KATA TNV avapaoct). TéAog, akoAovOel
N TEAOPACT] OOV Ol AOEAPES YPOUATIOES ATOCLOTELPMVOVTOL Kot Eavadnovpysiton
TUPNVIKNY HEUPPavN YOp® amd Kabe opdda ypopocopdtov (Tanaka, 2012).

Koatd ) protikny dwipeon, 0 c®wotdg Sa®PICHOS TOV YPOUOCOUAT®V
amottel TPOGAEGT GTOVS AOEAPOVS KIVIITOYMPOVG MKPOSOANVIGK®MY TOV TPOEPYOVTOL
and avtiBetovg mOAoVE (OmoAKN 1 aueitedkn mwpdcsdeon), (Ewdva 1A) (Cimini,
2008; Santaguida and Musacchio, 2009; Tanaka, 2012; van der Waal et al., 2012a;
Walczak et al., 2010). Xto budding yeast, ke Kwvntox®pog Tpocdével povo Eva
pikpoowAnvioko. To kOTTOpa T®V OTOVOLA®TOV Ou®g dwwbétovv 20-30 Béoelg
TPOGOEONG Yoo KAOE KWNTOY®PO WE OMOTEAEGUO VO €IvOl TO ETPPENY| OTIC
ravOoopéveg  mpocdéoelg (Cimini, 2007). Ta AdOn o100  doywpiopd TV
YPOLOCOUATOV €lval cLuyvd QOIVOUEVO OTO KOPKIVIKA KOTTAPO Kl £(OVV  OC
amotédeopo Buyatpikd KOTTOPO UE TEPIGGOTEPA 1| AYOTEPH YPOUOCOUATO OO TO
@LGOAOYIKO (apBuntikn ypopocoukn actddeia) (Bakhoum et al., 2009; Ganem et
al., 2009; Janssen et al., 2011; Ricke et al., 2008; Sheltzer et al., 2011; Silkworth et
al., 2009; Thompson and Compton, 2008; van der Waal et al., 2012a). H apiBuntikn
YPOLOCOMKN aoTAOen £XEl MG ATOTEAECUA TNV OVELTTAOEWIO KOl avTd Umopel va
00MNYNOEL GE KOPKIVOYEVEST THAVOV HEGH OTMAELNG OYKOKATACTOATIK®Y YOVIOI®OV 1|

npocOnkmn npwrto-oykoyovidimv (Baker et al., 2009; van der Waal et al., 2012a).

13
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1.2 AavOaopévor Tpomor Tpocsoeong Kot To spindle checkpoint

1.2.1 To spindle checkpoint

Koatd v mpopetdoaoct, ot spindle checkpoint tpwteiveg evromiloviol 6Tovg
U1 TTPOGOEDEUEVOVS KIVITOXDPOVS LUE OMTOTELEGO TO GTAUATNLO TOV KLTTAP®V PEYXPL
OAO1 01 KIyNnToXdPOol Vo TPOGOEHOVV SIMOAIKA LE HKPOCSOANVIOKOVS TNG HUTMOTIKNG
atpdrtov. Xtovg avBpdmovg, ta cvotatikd tov spindle checkpoint mepiiapfdvoov
npwTeiveg OTmS ot Kivdoeg BubR 1, Bubl, Mpsl kot GAleg mpwteiveg 6mmwg ot Bub3,
Madl, Mad2 kot to ocOumioxko RZZ (ROD-ZWILCH-ZW10), (Musacchio and
Salmon, 2007; Santaguida et al., 2010).

[Ip6cdeon tov mpoteivov Mad kot Bub otoug kwvntoympovg eivar
amopoitnIn Yoo TNV TPOCOEST, OTNV KATOAVTIK) vropovado Cdc20 anaphase-
promoting complex/ cyclosome (APC/C) ko v amevepyomoinon tov. To APC/C
&xel evepyotnro Arydong ovPikitivng ko ovfikitividver tig Cyclin B kot securin
odMY®VTOG TEC 08 amowodounon and 1o rpwtedonpa. H Cyclin B eivan o maptevép
¢ Cdkl xwvdong kou amokodounon g Cyclin B odnyei oe amevepyomoinon g
Cdk1 kot évapén g avaeoong. Emiong, n securin kpatd decpegvpévn v separase,
otov 1M securin amotkodounfel amd TO TPWOTEACOUW, 1) separase omolKodopuel TV
cohesin, TV TPOTEIVN OV KPATO TIC OOEAPES YPOUOTIOEG EVOUEVEG, KOL TO KOTTUPO
npoxwpd otV avaeoon (Musacchio and Salmon, 2007; Santaguida and Musacchio,

2009).

1.2.2 O povoteMkog TPOTOS TPOGOEGS

Extog amd tov apprreMkd tpdmo mpdcdeons, Lmdpyovv kol AavBoaouévol
TPOTOL TPOGOEONC, OMWG O HOVOTEMKOG GTOV Oomoio 1 pia adeden ypopotioo
TPOGOEVETOL LE UKPOSMANVIGKOLG TOV TPOEPYOVTAL Omd TOV Eva TOAO EVM 1 GAAN
adeAPT ypopotida mapapével un tpocdedepevn (Ewova 1B). O povotelikog tpomog
TpoOcdecTg cvpPaivel vopig ot pitmon kKot GuVHOOE HETOTPENETOL GE QUPLTEAKO
pwv v évapén g avdeaong (Cimini, 2008; Rieder and Salmon, 1998). Exniong, o
HOVOTEAKOG  TPOTMOG TPOGOESNG £€YEL MG OMOTEAEGUO TNV TOomoBéTnom  Tov

YPOUOGOUATOG KOVIO GTOV €vo. TOLO, 6Tov omoio eivar mpoodedepévos. Kabag to

14
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KOTTOPO TPOY®PE amd TN UETAPACY, OTNV  OVAPOOT TOPOVLGIO HOVOTEAKNG
npdGOEDTG, aVTO 00NYEl G€ PETaKIVION Kot TV OV0 OOEAPDV YPOUOTIO®V TPOG TOV
éva TOAO, e amoTEAEGUO TNV aveLTTAoEWio. O HOVOTEAIKOS TPOTOC TPOCOESNC,
evepyomotel to spindle checkpoint, pnyoviopd mov dgv emrpémel v Evapén g
avdpaong péxpt OAec ot adehpég ypopatideg va mpocdefodv  SUTOAIKA e
pKkpoosmAnviokovg g atpdktov (Musacchio and Salmon, 2007). Akdpo ki €vag
KWW TOYMPOS TPOGOEOEUEVOS LOVOTEMKA UTopel va dtotnpnoetl evepyd to spindle
checkpoint (Rieder et al., 1995; Rieder et al., 1994). Xvunepacpatikd, o LovoTeAkog
TPOTOG TPOGOEONG SVOKOAN TPOKOAEL OVELTAOEWIN GE KOTTOPO HE AELTOVPYIKO

spindle checkpoint (Cimini, 2008)

1.2.3 O ovvteMKOg TPOTOS TPOGOEDTS

O ovvieMkog Tpoémoc mpdcdeons ovuPaivel 6tav Kot ot V0  OOEAPES
YPOUATIOES TPOGOEVOVTAL LLE MKPOCOANVIGKOVS TOV TPOEPYOVTAL AO TOV Eva TOAO
(Ewova 1T). H petdfoon omv avdeoon mopovoic cLvieMkng mpdcdeons Oa
00MNYyovcE G€ €va LOVOCOMKO Kl éva TPooUkd Buyatpikd kOTTopo. O cuvTeEMKOC
TpOTOG TPHGOEGNG GLUPALVEL O oTTdVia 6€ KOTTOPO TOV UTTA{VOLV OTH UITOoN Y®PIig
eappaka kot evepyomotetl to spindle checkpoint, Adym éAdenyng téong peta&d twv
AOEAQPOV YPOUATIOOV. XVVETMG, eivor dVokoAo va mpokAnBel avevmioewdia Adyw®
OLVTEAMKNG TTPOGdEc G o€ KOTTOpQ pe Agttovpykod spindle checkpoint (Cimini, 2008;

Thompson and Compton, 2011).
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Spindie checkpoint

Evepyomoinan Tou Avagaon
Spindle checkpoint

A  ApgiteNns {B OFF ON

B MovorsAxi l I } ON OFF
;% ON OFF
ZuvreAIKi

OFF ON

-

A MeporeAna

Ewéva 1: Zympotiky avonapdotact Tov TPOGOEcEDY TOV HKPOSMOANVICK®V GTOVG KIVNTOXDPOLS
Kkatd tn ddpkela g pitwong. Ot PIKPOS®ANVIoKOL NG UITOTIKNG ATPAKTOV Qaivoviol pe podpn
YPOULY, Ol KIVITOYMPOL He KOKKIVO VD Ol adeAQES ypopatideg aivovtal pe aompo kat yardlo. (A)
Apoertehkn] Tpdodeon, n omoia dev evepyomotei to spindle checkpoint (B, I') AavBaopévor tpdmot
poGdeog, ot omoiol evepyomolovy to spindle checkpoint kot To KOTTOPO deV TPOY®PE GTNV OVAPACT

péxp1g 6ToL dtopBwOobV (A) Mepotehikn Tpdcdeo, 1 omoia dev evepyomotet To spindle checkpoint.

1.2.4 O pepotekog TPOTOS TPOGHEGT G

O pepotehkog 1poémog mpdcsdeons cvpPaivel 6tav n pio adeAen ypopotioo
TPOGOEVETOL HECH TMOV  KIVITOXOP®V TALTOYPOVE HE WKPOSMOANVIGKOLS 7OV
mpoépyovtol kol and toug 0vo moélovg (Ewkova 1A), (Cimini, 2007). e avtiBeon pe
TOV LOVOTEMKO KOl TOV GUVTEAIKO TPOTO, 1 AOEAPN YPOUATION TOV £ivol cLUVOEdEUEVT
LEePOTEAIKA, dgV evtomiletal KOVTA o€ £vav amd Tovg 000 TOAOLS aALA oTotyileTON GTO
onuepvo emimedo katd ™ petdeacn. O pepotelkdg tpdmog mpdcdeong cvppaivet
vopig otn pitoon kot dgv yivetar avtiinmtog and 1o spindle checkpoint (Cimini et al.,

2004; Cimini et al., 2003). Otav to KOTTOPO HUITOIVOLY GTNV OVAQPOCT], TOTE 1| AOEAPN
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YPOUATION HECH TOL KvnToxdpov, Bo tpaPnytel mpog tov mOAO amd TOV Omoio
TPOEPYOVTOL Ol TEPIGGOTEPOL UIKPOCMANVIGKOL OV €ivail TPOCIEIEUEVOL GE QTN V.
Juykekplévo, ov 1M pol déoun  amoteAeitol  omd  ONUOVTIKG  TEPIGGOTEPOLG
LKPOGMOANVIOKOVG ©€ OYE0M HE TNV GAAN, TOTE O HEPOTEAIKA GLVIESEUEVOS
KIVNTOYMPOS Kol KATO GUVETELDL 1) 0dEAPN YpwpoTidoa Ba tpafnytodv Tpog Tov mOLo
amd Tov Omoio TPOEPYETAL 1] OECUT HE TOVS TEPIOCCOTEPOVS UIKPOSOANVickovs. Edv o
AOyoc TV 000 deopav eivon mepimov 1, 1ote dNUovpyeiton Eva YPOUOCOUN TOV
kabvotepel (lagging chromosome), (Ewdva 2). To ypopdcoua mov kabvotepel, to
omoilo omoteAeitanl TUMIKG oo pio adeA@n YPOUOATION, TOPAUEVEL GTO ICIUEPVO
emimedo pera v évapén g avdgoonc. Xto  TéEAOG TG  Mtmong, 1
KUTTOPOTAACHOTIKT oVAaKa Ba oTtpdEet 1o YpopOcmu Tov Kabvotepel oe Eva amd
T0 dV0 Buyatpikd kKHTTapa Kot avTd puropel va odnynoet oe avevmroewdio oe 50% tov
nepumtowcewv (Cimini et al., 2001; Cimini et al., 2003). Metd 1o télog ¢ pitwong
Kol ooV Onpovpyndel o vEog mupnviKOg AKELOC, TO YPOUOSOUE TOL KoBvoTtepel
onuovpyet évav pikporvpnva (Cimini et al., 2002). Enedn) ot pepoteAikn| mpodcoeon
VILAPYEL TPOGOEST OALA KOl TAON HETAED TOV AOEAP®V XPOUATIO®V, OEV AVIXVEDETOL
an6 1o spindle checkpoint kot givat o o cvyvdg Tpdmog TPOKANGN S oveLTAOEiNG G

kOtTopa Onhactikdv (Cimini et al., 2002; Gregan et al., 2011).

A B
Puci10AoyIkGS SiaXxwpiopog Meporehikri Tpéodeon
adeAQWV XpwHATISWY
Merdpaot Med
oBeMpEG ypupoideg o e N N
Eolog aEpEXTOn EMK:' i TOhOG n':pmc!mn ‘
\ \NT'g N/
s N/ o /.
fl. \ S T\ ~
HIKpOGmATVioKOG KV EyHpoc Lrxposwinviowog 1 KIvITToy0pog
Avdgaon 1 Aviépaor] YPopGcope xov xobootepet

\o//@ }*\0{‘ pr ‘/\o"
“1 \ P /,.\ Pl

Ewoéova 2: EZynpoatikny avomopdotoon Tov day®pIcHoy TOV XPOUOCOUATOV KATd Tr SipKE TNG

pitoong. (A) AperteMkn TPOGOEST TV MKPOSMANVIGK®V GTOVS KIVITOYXMPOLS KAt TN HeTdoaon
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Kol QUGLOAOYIKOG Sloy@plopdg S0 adedpav ypopatidov katd v avaeoaon. (B) Mepotelikd
TPOGIESEUEVOG KIVITOXDPOG KATH T HETAPAOT KOl LEPOTEMKT] TPOGOEST 1] OTTOL0L TOPOUEVEL KATE TIV
avapaon Kot odnyei ot Onuovpyic. YPOHOCONNTOE Tov Kobvotepel kotd TV avaeacn. Ot
UIKPOCOANVIOKOL TNG HTOTIKNG OTPAKTOV POivOVTaL e HOVPT YPOLUY, Ol KIVNTOXDPOL LE KOKKLVO

evd ot adepEg ypopatides eaivovtat e Aompo Kot yordalio.

1.3 Chromosomal Passenger Complex (CPC)

1.3.1 To CPC ko 0 poLrog Tov 6to spindle checkpoint

To Chromosomal Passenger Complex (CPC) amoteAeital and tig Aurora-B,
INCENP, Survivin ka1 Borealin ki éyet xapoaktnptotikd eviomiopud katd T odpkel
¢ pitwong (Adams et al., 2000; Bolton et al., 2002; Gassmann et al., 2004; Jelluma
et al., 2008; Kaitna et al., 2000; Sampath et al., 2004). H Aurora-B amoteiel v
KOTOAVTIKY] VITOROVADO TOV GUUTAOKOL Kot £xel evepyotnto kivaong (Vagnarelli and
Earnshaw, 2004). H INCENP npocoévetar otnv Aurora-B péow tov kapPosutelkon
dpov Yvwotov o¢ IN box kat 6T GUVEELL POGPOPLAIDVETOL GE QLTIV TNV TEPLOYN
arnd v Aurora-B (Bishop and Schumacher, 2002; Honda et al., 2003). Avtiy n
POGPOPVAI®ON evioyvel v evepydotnta ¢ Aurora-B (Bishop and Schumacher,
2002; Honda et al., 2003; Yasui et al., 2004). H Survivin npocdéveton otnv INCENP
Kot gival amapoitteg yio Tov evtomiopd Kot ) otafepodtnta Tov cvpniokov (Kelly
et al., 2010; Wheatley et al., 2001). To CPC gvtoniletar péca otov mopniva ot G2
@Aaomn, Koté UNKOG TWV CLUTVKVOUEVOV YPOUOCOUATOV KOTO TNV TPOPACT], EVO
GUYKEVIPMVETOL OTO ECMTEPIKO KEVIPOUEPES KOTA TNV TPOUETAPOCT KOU TN
LETAPOOT, KOl GTNV apYN TS AvAQOoTS APNVEL TO YPOUOGOUATO KOl LETAPEPETOL
omv evotdpeon Lovn Kot 6To evOldpueco cmpa katd v kuttapokivnon (Kelly and
Funabiki, 2009; Vagnarelli and Earnshaw, 2004).

To CPC eilvar amopoaitro v tov eviomopd tov spindle checkpoint
TPOTEIVOV 6Tovg Kivntoydpovg (Madl, Mad2, Bubl, BubR1, Mpsl kot CENP-E),
(Ditchfield et al., 2003b; Lens et al., 2003; Vigneron et al., 2004) kafdg Ko
TPOTEIVAOV OTOPOLTNTOV Y10 TV TPOGIECT] TOV UKPOSOANVIcK®V o€ avtovs (CENP-
E, Ndc80, Knll, Mis12, Zwilch, MCAK, Daml xot Plkl), (Andrews et al., 2004;
Emanuele et al., 2008; Goto et al., 2006; Lan et al., 2004). Eniong, to CPC eivan

OTOPOITNTO YIOL TOV EVIOTMICUO TPMOTEIVOV TOL £GMTEPIKOV KEVIPOUEPOVS OTMS Ol
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npwteiveg Shugoshin (Sgol, Sgo2) kot MCAK (Huang et al., 2007; Kawashima et al.,
2007; Pouwels et al., 2007).

1.3.2 H peragopd tov CPC oto kevrpopepn)

To CPC petagpépeton oto kevipopepn pEow 000 unyoviopmv. O mpdTog
neptlhappdvel m eowceopvAiwon g totovn 3 ot Bpeovivny 3 amd ™ Haspin. H
QeOSPOPLAIOUEVT oTdVn 3 avayvopiletar ond ™ cvvinpnuévn BIR domain tng
Survivin. H wpdcodeon g Survivin otn 0€omn avt) €xel ©G OmOTEAEGUO TNV
npocéAkvon 0lov tov CPC oto kevipopepn kot v evepyomoinon t¢ Aurora-B
(Kelly et al., 2010). O debdtepog unyoaviopuds meptrapfaver ™ EOGEOPLAI®GN ™G
16ToVNG 2A ot ogpivn 121 and ™ Bubl. H pwcpopviopévn wotévn 2A ot oepivn
121 Sevkolvver v mpdcedeon g Shugoshin, évav mpocappoyéo tov CPC ota

kevrpopepn (Yamagishi et al., 2010).

1.3.3 H gvepyomoinon tn¢ Aurora-B

H Aurora-B, o kiwvéon cepivng-0peoviving covimpnuévn ond toug poknteg
péxpt tov avlpwmo, amoterel TV KataAlvtikny vropovada tov CPC. H gvepydtmta tng
Aurora-B pvOpileton amd v INCENP kot ) Survivin. H gvepyonoinon tng Aurora-
B amoutel mpdcdeon g INCENP péow tov cvvinpnuévov kapPoéuteikov IN
GKpoLv NG Kot avToPmoPopvAiiwon ¢ Aurora-B otn Opeovivn 232 (T232) péoa 6to
activation loop (Bishop and Schumacher, 2002; Bolton et al., 2002; Honda et al.,
2003; Sessa et al., 2005; Yasui et al., 2004). Avtd npokaiet pio oAAoyn SLUUOPPMOONG
NG KIWVAONG e amoTELES A £Vl EVOLAUESO 0TAd0 evepyomoinong (Sessa et al., 2005).
H mAnpng evepyomoinon tov popiov amortei pocpopviiowon g INCENP oto TSS
motif kovtd oto cvvimpnuévo xapPoéuvteAikd IN dxpo (Bishop and Schumacher,
2002). IIpoceata deiéape 6t n Chkl pocpopvimver v Aurora-B ot oepivn 331
KOl aLTH 1] QOGPOPLAI®SOTN gival amapaitnn yuo T otabepr| Tpdcdeon g Survivin,
™m ewoeopvAiioon ¢ INCENP oto TSS motif kot v mAnpn evepyomoinon g
Aurora -B (Ewéva 3), (Petsalaki et al., 2011).
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®

tl&l'Wl:l].l.‘l[ Sepr3sl lﬂxl)p"l P Seriil

pThr2® xpéodeon pThr2=
TSS stsD®

—

Mepikag evepyo IIMpwg evepyo

Ewéva 3: Movtého evepyomoinong tg Aurora-B (AurB). H Aurora-B cuvdedepévn pe v INCENP
Kot T Survivin avtoemceopviidvetal otn Opeovivn 232 (T232) ko givor pepikmg evepyn. Kotd v
TPOUETAPOCT OTOVGIN PUPLAK®V 1 LT 0md encdaon pe TaEoAn, 1 Chkl pocpopviidvet v Aurora-
B ot oegpivn 331 ko avt) 1 pocpopviimon arorteitor yio poceopviimon g INCENP oto TSS
motif ko TANpN evepyomoinon g Aurora-B. Exiong, n poceopvrioon givar amapaitnt yio otabepn

npdodeon g Survivin 6to cvpmAoko. p=phosphorylation, S=Survivin

1.3.4 O polrog T Aurora-B o7o spindle checkpoint

Otav 10 CPC amoctafBepomoiel Tic AavOoaopévec mpocdéoelg UECW
POOPOPLAI®ONG VTOGTPOUATOV TNG Aurora-B, 101e dnpiovpyodvTal TPOCOPIVA Un
TPOGIEOEUEVOL KIVITOXDPOL Ot omoiot yivovtor avtiinmrol and o spindle checkpoint
(Pinsky et al., 2006; Rieder et al., 1995; van der Waal et al., 2012a).

Yrapyovv 600 Bewpieg yio tov tpdmo pe tov omoio n Aurora-B @tdvel ta
VIOGTPAOUOTE NG OTOV €EMTEPIKO KvnToY®po &ved m 101 evromileton oTO
kevipopepés (Lampson and Cheeseman, 2011; Santaguida and Musacchio, 2009; van
der Waal et al., 2012a). Zopewva pe v npotn Bewpia,  Aurora-B dwoyéetat pokpid
and TO KEVIPOUEPEG TPOG TOV €EMTEPIKO KIVITOYMPO TPOKEUEVOL VO OTAGEL TO

VROGTPAOMOTAE TNG VO cOupmva e T devtepn n INCENP Aettovpyet cav éva “Aovpt’
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OV TEVTIOVETAL, OOTE 1 Aurora-B va @tdoel otov e£mtepikd Kivntoympo (van der
Waal et al., 2012a). [Ipdcpateg peréteg vmootpilovv v TpdT Bewpia, delyvovtag
OTL VIApyEL P JaPdOUIon EOGEOPLAI®ONG TOV LIOCTP®UAT®Y TG Aurora-B, 1
omoio. Eekvé Omd TO KEVIPOUEPES KOl OMADVETOL HEPWKE Um HoKpld omd TO

Kevipopepés (Wang et al., 2011).

1.3.5 O porog T Aurora-B otnyv ava@aocn Kot 6ty TEL0QUGT

Koatad ™ odpkeo g avaeaonsg, to CPC evtomileton oto midzone kot
pvOuiler ™ otabepdTNTO TG UITOTIKNG OTPAKTOL Kol TN Onuwovpyio g
KLTTOPOTAACUATIKYG avlokag (van der Waal et al., 2012a). Katd ™ odpkeia g
kuttopokivnong, 1o CPC evromiletar oto midbody kot pvBuiler ™ cdoeiEn tov
OLGTOATOV OOKTLAIOVL OKTIVIIG HLOGIVNG KO TPOCTOTEVEL OO TETPATAOEWIN (GTA
OnAaotikd) kabvotepdvtag TN O0UPEST TOV KLTTAPOTAAGUOTOS OTOV LITAPYEL LU0
YPOUOCOUIKN YEQPLPA, N omoio. cLVdEeL Ta dv0 Buyatpikd kvttapo (Norden et al.,

2006; van der Waal et al., 2012a).

1.3.6 O pohoc ™G Aurora-B otmnv emowpOwon Aravlaospévov

TPOGOECEOV

H Aurora-B mailet omovdaio polo oty emdiopbwon twv AavOoouévov
TPOGOECEMY UECH POSPOopLAImong tov diktoov KMN (Tanaka, 2012). To diktvo
KMN amoteAeiton and 11 mpwteiveg KNL-1, Mis12 kot 1o odumioko Nde80, sivon
CUVTNPNUEVO GTOVG EVKOPLMOTIKOVS OPYAVICHOVG Kot €ival TOAD SNUOVTIKO Yo TN
ouvappoAidynomn tov eEwteptkov kivnroxdpov (Cheeseman et al., 2006; Kline-Smith
et al., 2005). Meiwon tov npoteivov KNL-1 1 KNL-3 g£alieiper oLokANpoTiKa TIC
TPOGOECELS TOV HKPOSOANVIoK®V otovg Kivntoxwpovg (Nekrasov et al., 2003).
Melowon 10v  ovumAdkov Misl2 o  GAAovg opyaviopodg  duoyepaiver T
ouvappoAidynomn tov kwvntoyodpov (De Wulf et al., 2003; Kline et al., 2006; Obuse et
al., 2004) evod peimon tov cvumidkov Ndc80 odnyel otn dnpuovpyio Kivntoxmpmy ot
omoiol d0gv umopolVv vo dutnprioovy v Téon Kot v TpdGdEcN TV
ukpocwinviokmv ce avtovg (Cheeseman et al.,, 2006; DeLuca et al.,, 2005;

McCleland et al., 2004; Wigge and Kilmartin, 2001). H Aurora-B @wcspopvidver
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oA o péEAN tov diktvov KMN. H @oopopuAimon TV GLoTATIKOV TOL SIKTOOL
KMN, oamoctabepomotel tovg AavBacspévoug iKpoowAnviokovg cupufdAiovtag ot
onuovpyia aperteMkmv tpocdéoewv (Tanaka, 2012).

H Aurora-B eivor amopaitntn yw 1 otoiyion tov YPOLOCOUATOV 6T
HETAPAOT), Yol TO SWPICUO TOV YPOUOCOUATOV KOTE TNV OVAQOCT KOl Yol TNV
oAokANpwon ¢ kvttapokivinong (Andrews et al.,, 2004; Cimini et al., 2006;
Ditchfield et al., 2003b; Emanuele et al., 2008; Fuller et al., 2008; Hauf et al., 2003a;
Lampson et al., 2004; Norden et al., 2006; Ruchaud et al., 2007; Steigemann et al.,
2009; Tanaka et al., 2002; van der Waal et al., 2012a). Avactolq tg Aurora-B
TPOKOAEL HEPOTEMKEG KOl CLUVTEAIKES Tpoodéoelg (Cimini et al., 2003; Cimini et al.,
2006; Ditchfield et al., 2003b; Hauf et al., 2003a; Kelly and Funabiki, 2009;
Knowlton et al., 2006; Lampson and Kapoor, 2005). 'Exet mpotabei 6Tt 1 Aurora-B
TPOKOAEL aroctabepomoinon TV AavBacuéEvov LUIKPOGOANVICK®V
POCPOPLAIOVOVTAG TO VITOGTPOUATE TNG OTOLG KIVNTOYMPOUG KOl TPOKOAMVTOGC
TOAVUEPIGUO KO OTTOTOAVUEPIOUO TV puKpocowAinviokmv (Cheeseman et al., 2002;
Cimini et al., 2006; Pinsky et al., 2006). Znv nepintwon tov cuunidkov Ndc80, to
omoio amoteieitan and i Hecl, Nuf2, Spc24 kou Spc25, n Aurora-B poocpopviimvet
™ Hecl oto oamuvotedkd Gkpo K €TI0l HEWOVETOL 1 KAVOTNTO TPOGOEoNG
wkpoosoinviokov (Cheeseman et al., 2006; DeLuca et al., 2011). Qot6c0, 0 akp1prg

HOPLOKOG UNYAVIoUOG Elval LITO S1EPEVLVTON).

1.4 Owv xwveoiveg MCAK ko Kif2b

Ov xweoiveg MCAK (Mitotic centromere associated Kinesin) kot Kif2b
(Kinesin family member 2b) amomolvpepilovy HKPOGOANVIGKOLS TOL TPOEPYOVTOL
and 10 AavBoouéVO TOAO TNG OTPAKTOL KOU OTOLTOLVTIOL Y. TNV emddpHmon
pepoteMKav mpocsdécewv (Andrews et al., 2004; Bakhoum et al., 2009; Desai et al.,
1999; Kline-Smith et al., 2004; Knowlton et al., 2006; Lan et al., 2004; Maney et al.,
1998).

1.4.1 O poiog ¢ Kveoivig MCAK oty emo10p0won Lavlaspuévov

TPOGOECEMV

22



EAévn [letoalakn, 2013

H MCAK eivon pia Kinl mpoteivn, n onola €xet pior KotoALTIKY VITOUOVASQ
Kiveoivng otn péon g npwteivng (Hertzer et al., 2003; Ovechkina and Wordeman,
2003; Vale and Fletterick, 1997; Walczak et al., 1996; Wordeman and Mitchison,
1995). Avti va petokivovvior Tave otoug HiKpocsoAnvickovg, ot Kinl kivesiveg
aromoivpepilovv pkposmAnviokovg (Desai et al., 1999; Hunter et al., 2003; Kline-
Smith et al., 2004; Maney et al., 2001; Tanenbaum et al., 2011; Walczak et al., 1996).

H MCAK egvtomniletor o€ d10popec OOUES CLUTEPIAAUPAVOUEVOV TOV TOA®Y
NG OTPAKTOV, TOV KEVIPOUEPOV OTOVGIO TAONG KOTO TNV TPOUETAPOCT) KOL TMV
KIVNTOY®OPp®V Topovsia tdong katd t petaeacn (Lan et al., 2004). Katd v
avaeaon kot teAoeacn, 1 MCAK mapapével mpocsdedepévn oto kevipopepn (Maney
et al., 1998; Wordeman and Mitchison, 1995). H mpdcdeon tmc MCAK ota
KevTpopepn yivetol LEGM TOL AUIVOTEAMKOD TG GKPOV VA GTNV TPAGOEST dev Tailet
poro to motor domain (Andrews et al., 2004).

H MCAK npoxoiel amomoAvpuepiopd tTov LIKPOCOANVICK®V 6€ KOTTOPA OTN
petdeaon (Ewova 4) kou n amaroipn g oxetiletor pe AavOacuévo daywplioptd TV
ypopocoudtov oty avaeoon (Bakhoum et al., 2009; Kline-Smith et al., 2004;
Maney et al., 1998). Kottapa pe peiwpévn MCAK mapovsidlovv vymid mocootd
avapaoemy Le Ypopocompata Tov kKabvotepovv (Bakhoum et al., 2009). H Aurora-B
eowcpopviwvel v MCAK in vitro xou in vivo ot cepivn 196 (Andrews et al.,
2004; Knowlton et al., 2006; Lan et al., 2004) kot n ¢wcpopviouévn MCAK
evtomiletal TEPIGGATEPO GTA UEPOTEAIKA GE GYECN LE TO OUPLTEAIKA TPOCIEOEUEVOL

kevipopepn (Knowlton et al., 2006).

1.4.2 O poéiog ¢ Kwveoivig Kif2b otnv emd0pbowon Lavlaospévov

TPOGOECEMV

H xweoivn Kif2b evtomiletor 610 KeEVIpOSOUOTO KATO TN HEGOQOCT KOt
OTOVG TTOALOLG TNG MTMOTIKAG ATPdKToL Kb’ OAN TN didpkela g pitwong (Manning et
al., 2007). Ztv ava@aon CLVOEETOL PE TOVS WMKPOGMOANVIGKOVS TNG OTPAKTOL Kot
evromiletal otV evoldueon {dvn evd otV TEAOQAGCT TOPOUTNPEITAL GTO EVOLAUECO
oopo. Téhog, eviomileTar 6TOVG EEMTEPIKOVG KIVNTOXMPOLS KOTA TNV TPOUETAPOOT

pali pe v mpowteivn Hecl (Manning et al., 2007).
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Ewoéva 4: Endiopdmon pepotedikdv npocdécenv pécwm tov Kiveotvov MCAK kot Kif2b. IMapovcia
pepotehkng Tpdcadeong, ot Kivesiveg MCAK kot Kif2b amomoivpepilovv Toug pukpocmAnvickovg Kot
OTN GLVEYELD ONUIOVPYEITAL OTOYUOTIKG OpELTeEAK)] TpOcdeot. Ot [UKPOGOANVICKOL @aivovtal pe

HaOpN YPOUUT EVD 0L 0OEAPEG XPOUATIOEG [LE AOTPO KoL YKPL.

H Kif2b sivon amapoitntn yoo 10 oyNUOTIGUO TNG OUTOAMKNG OTPUKTOV GE
avOpOTIVOL KOTTOPO KOl Yol TNV KIVNoT TOV KIVNTOYDOP®V IOV £IvVol GLUVOESEUEVOL [E
TOVG HKPOooswANVickovs, kabmg kottapa pe petopévn Kif2b mapovcidlovv petopévn
TOYOTNTO TOALUEPIGHOD HiKpoowAnvickwv katd 80% (Manning et al., 2007). H
Kif2b otovg xivntoydpovg pvOuilel ) SLVVOUIKT TOV HIKPOGOANVICK®OV KOTA TNV
npopetdpaon (Ewova 4). O evromopdc g Kif2b otovg kivnroydpovg pvbuiletan
péosm g Aurora-B yopic va etvon axopa yvootdg o axpipig unyaviopds (Bakhoum
et al., 2009). Kotrapa pe petopévn Kif2b mapovsidlovv vynid mocootd avapasewmy
HE XpOUOCOUOTA TOV KABVOTEPODV KOl Ol KIVIITOYMPOL OVTAOV TOV YPOUOCOUATOV
QOivovTal SIOYKOUEVOL KOt TaPOVGIALOVY SECUES MKPOGOANVIGK®Y TOV TPOEPYOVTOL
amd avtifetoug TOAOVG, YEYOVOS EVOEIKTIKO HePOTEAMKNG Ttpdcdeonc. EmmpocsOétmc,
vrepékepaot t6co g MCAK 660 kot g Kif2b odnyei oe onuovtikn) peimon tov
TOGOGTOV OVAPACEDV LE YPOUOCHUATO TOL KoBvoTEPOLY otV avagact (Bakhoum

et al., 2009).
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Meiowon towv kwveowov MCAK kor Kif2b emnpedler to turnover twv
HUIKPOCOANVIoCK®V, ONAadN TO pOUO TOAVUEPIGHOD KOl OTOTOAVUEPIGLOV TOVG OALA
o€ JSPOPETIKEG PAoelg TG Hitwong. Melwon g Kif2b avéavet to ypovo nuilong
TOV HIKPOGOANVICK®OV KOTd Tnv TPOUETApacn o€ dokocio gvaicOnoiag oe
nocodazole, éva @dppoko mov amomolvpepilel Tovg pIKpooswAnviokovs. ‘Etot,
kOottopa pe pewwpévn Kif2b éyovv mo otabepodc pikpocsmAnviokovg oty
TPOUETAPOOT UE OMOTEAEGLOL VO, UMV UITOPOVV VO O10pHMCOVYV ATOTEAECUATIKA TIG
AavOoopéveg mpocdéoets. Avtifeta, kvttopa pe petopevn MCAK mapovoidlovv
avENUEVN 0TaBEPOTNTO LKPOCOANVICK®Y KLPIOS 0T UETAPOOT), YEYOVOS OV LG
delyvel OtL o1 000 Kvesives €xovv OLPOPETIKOVG POAOVG OTNV emMOOPH®OT TV
AavBoouévov mpocdécemv ot pitwon (Bakhoum et al., 2009).

¥t petapaon, n Kif2b aviwobictator and 10 cOUTAOKO TOV TPOTEIVOV
astrin, SKAP kot Ska otovg xivntoxdpovg ywo vo emtevydel otabepomoinon twv
WKPOGOANVIOK®V TOV KIVITOXDP®OV Kot 6Toiy1on TV ypopocoudtov (Chan et al.,

2012; Manning et al., 2010; Schmidt et al., 2010; van der Waal et al., 2012a).

1.5 O poiog ™™g mpoteiviic Hecl otnv emowpOmwon rLavOaopévev

TPOGOECEMV

H Hecl aviketl oto cbumroko Nde80 to omoio mailel mToAd onpoavtikd poro
otV TPOANYMN AGVOUGUEVOL SLOYMPIGUOD TOV YPOUOCOUATOV OTEAELOEPDOVOVTOC
AavBacuévoug pikpocsoAnviokovg tov kivnroxyopov (Ewoéva 5). To apwvotelikd
dxpo ¢ Hecl puBuilet tn otabepdtra TV HIKPOSOANVIGK®OV GTOVS KIVIITOXDPOVS
(DeLuca et al., 2006). Zvykekpipéva, n Aurora-B pocpopvavel v mpwteivn Hecl
in vitro o€ €51 KOTAAOITO GTO OLUVOTEMKO TNG AKpO: oepivn 5, oepivn 15, oepivn 44,
Bpeovivn 49, ogpivn 55 ko oepivn 69 dOTE Vo TPOKAAESEL ATOTOAVUEPICUO TOV
pkpocoinvickov tov Kwntoyopwv (DeLuca et al., 2006). 'Exepacn &vog
dwyovidiov pe petarrayuéveg tig €61 Béoelg o ahavivn OOTE Vo, PNV UITopovV Vo
QeOoEOPLAI®OOVY, odnyel o€ advvoupion TV KLTTOPOV Vo oTOolicouV  Ta
YPOUOGOUATE TOVG GTO ONUEPIVO EMIMESO KATA TN UETAPAOCT] KOl ELPAVICT) TOALDY
un otoyopévev ypopocoudtov. Etiong, ékppacn tov cuykekpiuévou dtayovidiov
elxe o¢ amotéleospa tn Onpovpyia otabepdv TPocdEcemVy, avENGN TV AavOacuEvav

UIKPOCOANVICK®V TV KIVITOXDP®V, LEPOTEMKEC TPOGOECELS KOL YPDOUOGMUATO TOV
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kabvotepodv (Cheeseman et al., 2006; DeLuca et al., 2006). EmmnpocOétwg,
npocOnkn xabapng mpwteivng Aurora-B oe piypo pe HMKPOGOANVIGKOLS Ko
npoteiv Hecl, odnynoe oe peiopévn woavotro mpdcdeong ¢ Hecl otoug
mkpocswAinvickovs (Cheeseman et al., 2006). Zopmepacpotikd, 1 @OGEOPLAI®OGT TG
Hecl oam6 1nv Aurora-B peidver 11 ovvaeel TV KIVINTOYOP®OV HE TOLG
UIKPOCOANVICKOVS, 00MnydvTag o omeAevfépmon tov pikpoocwAnvickwv (DeLuca et
al., 2011).

H ¢owcpopvriioon g Hecl otn ogpivn 55 givar vynAn oty mpopetapoon
Kol peuwveton onuovtikd ot petdeoon (DeLuca et al., 2011). O evtomopdg g
QPOoEOpPLAI®UIEVNS oepivng 55 g Hecl givan o péyiotoc oty mpoéeacn Atyo mpiv
ddAvon tov TuPNVIKOL @akéiov. Kabmg ta kdtTapa mpoywpodv otn pitwon, 1
QPOGPOPLAI®ON TN GePivn 55 HEIDVETOL KOl OTAVEL GTO TO YOUNAO €minedo o
petdpaon 6mov OAo TO YPOUOCOUOTO €IVOL CTOUYICUEVO GTO IOMUEPIVO EMIMESO

(DeLuca et al., 2011).

W amreAEVBEpWION
——
'
Tpboteon Hec1 (Ndc80 complex)
' KIVI[TOXWPOG
» AuroraB

Ewéva 5: Emdiopbwon pepotelikmv npocdécemv péow g Heel. IMapovoia pepoteikng npdcodeong,
n Hecl o¢wopopvidvetar omd tnv Aurora-B oto apvotedikd dGkpo Kot OmeAevBepmdVeEL TOVG
UIKPOCOANVIOKOVG KOl  OTr] OCLVEYELD ONUIOVPYEITAL OTOYAOTIKA apQLTeAkn 7podcdeorn. Ot

LIKPOCOANVICKOL PaivovTal Le Lodpr| VPO EVO Ol AdEAPES YPOUOTIOES LE ACTPO KO YKPL.
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1.6 Movtého emOWOPO®ONG NEPOTEMKOV TPOGOEGEMV OATO TNV

Aurora-B

Avaotol ¢ Aurora-B €yel og amotéleospa v avénon g otabepdtnTog
TOV TPOGOECEMV TOV HKPOSMOANVIOK®V GTOVG KWWNTOXMOPOLS KOl ovENcN TOoL
TOGOCTOD TMV OVAPACE®V LE YPOUOCAOUATO TOV KAOLGTEPOVV KOl HEPOTEAIKES
npocodéoelg (Cimini et al., 2006). Ztnv Ewkdva 6 mtapovcidleton 10 emkpatéc LovtéELo
eMOOPOOONC UEPOTEMKOV Tpocdécewv UEcw NG Aurora-B. Xmnv apyn ¢
TPOUETAPOONG, TO KEVIPOUEPES Oev elval TEVIOUEVO Kol Ol TPOGOECEIS TV
LKPOGMOANVIOK®V GTOVG KIVITOXYDPOLG UTOPOLV €VKOAN va omootabdepomomfodv
enedn Ppiokovionl Kovtd otnv meploy] 6mov m Aurora-B evtomileton oe peydleg
ovykevipooelg (Ewkova 6A). H Aurora-B Bpicketol 101 KOVTA 6TO VTOGTPOUOTE TNG
(MCAK, Hecl) xat owceopvlidvovtds to pmopel vo  amootafeponomoet
AavBacpéveg mpoodéaels (Ewkdva 6A).

2 HETAQOOT OTOV TO, YPOUOCHOUATH £XOVV TPocdedel dmoAKd kol €yxet
emrevyfel dSUToMKOG TPOGAVATOMGUAC, TO KEVIPOUEPES TEVTAOVETOL Kot 1| Aurora-B
OTOLLOKPVVETOL OO TO VIOCTPOUOTA TNG UE OMOTEAEGUN TN otabepomoinon twv
ocwotdv mpocdécewv (Ewova 6B). Emiong, 1o dxpa tov HIKpoSOANVIGK®V
amopakphvovior amd To Kevipopepés Omov 1 Aurora-B Ppiloketon oe peydieg
ovykevipooelg (Ewova 6B). Oco peyorvtepn eivor n ton peTald TV adeApdv
KWV TOY®P®Y, TOCO TEPICCOTEPO OTOLOKPUVOVTOL Ol HIKPOCWANVIOKOL Oomd TO
KeVIpopepés ki €tol otabepomolovvion meptocdtepo ot mpocdécels (Cimini et al.,
2006).

Otav vrdpyer e LePOTEAIKY] TPOGOEST], 0 £vag Amd TOVG dVO KIVNTOXDPOVG
TpoféTon amd 000 SEGUES MKPOGOANVICK®V TOV TPoépyovTat omd avtiBetoug TOAoLG
LLE OMOTEAEGLLOL VOL TEVTMVETOL KO VO, EIGEPYETAL LEGA GTNV TTEPLOYN OOV 1| Aurora-B
Bpioketar oe peydheg ovykevipaooelg (Ewovo 6I). Tote, cOppovo pe ovtd To
povtélo emodopbmwone, ot Aavlocpéveg mpocdéoelg Ppiockoviol mo KOvid oTnv
meployn 6mov M Aurora-B pmopel vo amootafepomomcel I TPOGOEGELS Kl €TOL
TpoyLaToTolEiTol  amomolvpuepiopds tv Aovlaouévov Kot otabepomoinon Tov
ootV Tpocdécemv (Ewdva 6I') (Cimini et al., 2006). Zvvendg, 1 emd16pbwon twv
HEPOTEMK®OV TPOGdécemV mepAapPdvel dvo otdowa: Tov amomoAivpepiopd TV

HUIKPOCOANVICK®V OV TPoEPYoVTOL omd T0 AovOacHEVO TOAO Kol EMOVOTPOGOECT
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TOV IKPOCOANVIGK®V amd T0 6moTO TOAO OTIC KEVEG BEaelg mov Ba dnuovpynbovv.
Avactol ¢ Aurora-B mpokadel peimon tov turnover TV HUKPOGOANVICK®OV Kl

avto pewwvel v mbovotnta emddpbmong (Cimini et al., 2006).

A
.
KIVITOX}pOg
* Aurora-B
MCAK
u Kifzb
A Hec1
— piIKpeowAnvioxog
=" —— ]
7.'._’.-- .
A °
4
[ ]

-as
meaa st

Ewéva 6 Moviélo emdopbmong pepoteMkdv mpocdécemv Paocicpévo oto (Cimini et al., 2006) (A)
To kevtpopepés amovoia tdomng katd v mpopetaeact (B) Appitedikn npocdeon (I') Mepotehkn

TPOGOEDT.
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1.7 H xwvaon Mpsl

1.7.1 O poirog T Mpsl1 oto spindle checkpoint

H Mpsl givar pio kivaon amopoitnn v Toug opyavicpodsg ond to poknto
puéxpt tov  GvBpomo. Apywkd ovokoAOEONKE o©TO  pOKNTO GE ol UEAETN
UETOALAYUAT®V TOV TPOKOAOVV HITOTIKES atpdkTovg pe €va moélo (Winey et al.,
1991), wot6co 0 porog ™G Mpsl 610 dUTANGLOGUO TOV KEVIPOOMUOTOLS KOL TN
ONpovpyiot SUTOAIKNG ATPAKTOV GE KVTTAPO AVATEPOV EVKOPLOTIKOV OPYUVICUADV
etvar omd depevvnon (Fisk et al., 2003; Stucke et al., 2002). H Mpsl eivan
armopaitny yo ™ Aettovpyia Tov spindle checkpoint mapovoio un tpocdedepuévaov
KWV TOYOP®V HE HKPOCWANViokovg g atpaktov (Abrieu et al.,, 2001; Fisk and
Winey, 2004; Hewitt et al., 2010; Santaguida et al., 2010; Stucke et al., 2002; Weiss
and Winey, 1996). O poéiog g oto spindle checkpoint éyel amodobei eniong oty
Mpsl AOy®m ™G avaykotdtTds ™S otov eviomiopd tov Mad2 kar BubR1 otovug
Kwvntoympovg (Abrieu et al., 2001; Jelluma et al., 2008; Kwiatkowski et al., 2010;
Meraldi et al., 2004; Sliedrecht et al., 2010; Tighe et al., 2008). Eniong, 1 Mps1 eivar
amopaitnn Yo tov evromopd g Bubl otovg kwvnroydpovg (Maciejowski et al.,
2010; Sliedrecht et al., 2010). Avactol g Mpsl odnyel oe amovsio AeitovpyKod
spindle checkpoint pe amotéleoua to KOTTAPO VO YIVOVTOL OVELTAOELOKA KO TEAIKA
va mtebaivovy yeyovog mov kabiotd tnv Mpsl KaAd 6Ttdy0 Yo avTikapKivikny Oepamreio

(Lan and Cleveland, 2010).

1.7.2 O poirog T Mpsl ot @ucloloyikn pitmon

Extog amd 1t Aewtovpyia g oto spindle checkpoint, 1 Mpsl eivon
OTOPOITNTN Y10 TN OTOLYIoN TOV YPOUOCHOUATOV GTO LONUEPVO EMIMESO KOTA TN
petdpaon Kobdc Kot Yo T0 Sy®Popd TOV YPOUOCOUATOV KATA TNV ovVAQOoT
(Abrieu et al., 2001; Hewitt et al., 2010; Jelluma et al., 2008; Maure et al., 2007,
Santaguida et al., 2010; Stucke et al., 2002).

Avoaotol M peimon pe siRNA g Mpsl dev emmpedlovv Tov eVTOMIGUO TOV
dwktvov KMN ovte tn dopn tov e€mtepikod Kivntoxdpov (Santaguida et al., 2010).

[Ipdopateg pehéteg €xovv deiletl 611 1 Mpsl owcpopvldvel T Borealin dote va
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evioyvoel v evepydtnta g Aurora-B (Jelluma et al., 2008; Saurin et al., 2011).
Qotoc0, dAheg peléteg €xovv Oeilel OtL avaotoAn g Mpsl dev emnpedlet
Qeo@opLAimon oty oepivn 10 g 1otdévng H3 ovte ™ poopopviioon ¢ 16ToVIG
CENP-A o1 ogpivn 7 61006 KIvntox®dpovg, ta oroia etvor vrootpopate TG Aurora-
B. EmumpocBétmg, n Aurora-B evtomiletar @uoioloyikd c€ KOTTOPA HE UELOUEVT
Mpsl. Avrtifeta, avactoln g Aurora-B mpoxoaiel peiopévo evromopd g Mpsl
OTOVG KIVNTOYMDPOVS, YEYOVOS TTOL LITOdNAMVEL 0Tt | Mpsl dpa petayevéotepa amd
v Aurora-B (Hewitt et al., 2010; Santaguida et al., 2010; Santaguida et al., 2011;
Saurin et al., 2011; Vazquez-Novelle and Petronczki, 2010). Mw GAAn perém
KOTOANYEL GTO GLUTEPAGHO OTL M gvepydtnta TG Mpsl elvan amapaitntn yo tov
eviomopd G Aurora-B oto kevrpopepn oty oapyn g MMtwong evo av yivel
avactoAn ™ Mpsl petd ) ovykévipwon g Aurora-B oto kevipopepn, TOTE O
evtomopog g Aurora-B dev emnpedleton (van der Waal et al., 2012b). Qotdco0, 0
pOAog TG Mpsl omnv TpdANYN TOV LEPOTEAIKADV TPOGOEGEMV JEV EXEL TEPTYPOAPEL (OC

TOPOL.

1.8 H mpoteivikn kivaon Chkl

H Chkl avaxeldeOnke apyikd oto fission poknto ©¢ por Kwvdon
oepivng/Bpeovivng amopaitntn Yy TO GTOUATNUE TOL KLTTOPWKOD KOKAOL OTOV
vrapyovv PAaPeg oto DNA (Patil et al., 2013; Walworth et al., 1993). H Chkl1 &ivat
KOAQ cvvtnpnuévn kot e dAla €10m 0mwe 1 Drosophila, o Xenopus, to movtikt kot o
avOpomog (Fogarty et al., 1994; Kumagai et al., 1998; Peng et al., 1997; Sanchez et
al., 1997). Z1o0 fission yeast, ot kivdoeg Chkl kar Cdsl (to opdroyo tg Chk2 twv
OnAaoTik®V)  evepyomolobVTOL HE  OPOPETIKE  ONUOTO Kol  avOAQpUPavovv
dwpopetikd kabnkovra: n Chkl evepyomoteiton mapovsioc DNA damage kot eival
vevBovn Y to otopdtnuoa ot G2 @don, eved n Cdsl evepyomoteiton pe avacsToAn
¢ obvBeong tov DNA kot omouteitor kot yioo Kobvotépnon g pitmong Kot yio
otabepomoinon Tov dopdv ¢ avtypoens oty S edaon (Chen and Sanchez, 2004;
O'Connell et al., 2000). Qotd6c0, N KATACTAON E£ivol SPOPETIKY] OTO KOTTOPO
ormovovhotev: H Chkl evepyomoteiton mapovsic DNA damage wor petd amod
avacToAn ¢ ovvBeong Tov DNA, mbovov péom g ATR, ko @aivetar va givat o

KOPLog VTEVBVVOG TG oTAoNS TV KLTTAPWV 6T G2 PACN Kol OTIG AEITOVPYiEG TOV
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checkpoint g avtiypaerg (Bartek and Lukas, 2003; Chen and Sanchez, 2004). Z¢
avtifeon pe v Cdsl tov fission yeast, 1 Chk2 evepyomoieitonr moapovoic DNA
damage oto KOTTAPA TOV GTOVIVAMTOV PEGH POoEOPLAI®oNS ard v ATM (Ahn et
al., 2000; Matsuoka et al., 1998).

[Mopovcio DNA damage M avactorémv tng avtiypaeng tov DNA, n Chkl
gvepyomoteitanl pEow Pmo@opviMmwong ot oepivn 317 ko ot oegpivn 345 and v
ATR (Capasso et al., 2002; Liu et al., 2000; Patil et al., 2013; Tapia-Alveal et al.,
2009; Zhao and Piwnica-Worms, 2001). EmmAéov, n Claspin mpocdévetar otnv
evepyomomuévn Chkl xor 1 otabepomotet (Kumagai and Dunphy, 2000).
Amowodéunon ¢ claspin péc® OLUTIKITVIOONG KOl KOTOGTPOPNG Oomd  TO
npwtedoopo odnyel oe anevepyomoinon g Chkl (Gewurz and Harper, 2006). H
evepyomompévn Chkl @ocpopvldvel 014¢9opo VTOGTPOUATO, TPOKELUEVOL VO
TPOKAAESEL GTOUATILO TOV KVTTAPIKOD KOKAoV (Blasius et al., 2011).

Amevepyonoinon ¢ ATR 1 g Chkl €yel og amotéhespa Bdvato vopig oty
euPpvoyéveon evod amarowpn g ATM 71 ¢ Chk2 oe knock-out movtikio dev
npokaiel Bvnopdtra (Brown and Baltimore, 2000; Liu et al., 2000; Smith et al.,
2010a; Takai et al., 2000). Zopotwd wottapa yopic ATM 1 Chk2
moAlomAactdloviot emttuy®g oe Kuttapokailépyeta (Jallepalli et al., 2003; Lavin
and Shiloh, 1997; Xu et al., 1996) ev® kottapa yopig 1ig ATR 1) Chkl odnyodvion o
Kuttapikd Bdvato (Brown and Baltimore, 2003; Liu et al., 2000; Niida et al., 2007;
Smith et al., 2010b). Avtifeta, amarowpr) g Chkl and ta DT40 kotrapa, to onoia
etvar B-Agppokdtropo omd kotdémovdo Oev mpokaAel kvttopkd Odvato ov Kot
onuovpyet TpoPAnuato oto G2/M DNA damage checkpoint kot ot dtatpnon tov
doumv G aviypoeng petd amd avactoln g DNA moivuepdong (Zachos et al.,
2003). EmmpocBétmc, n Chkl mpokaiet evepyomoinon tov povoratidv enddplmong
tov DNA axopa kot arontwon otav ot fAdPec oto DNA givan moAd coPapég (Chen

and Poon, 2008; Harper and Elledge, 2007).

1.8.1 Ta vrootpdparta T Chkl

Ta xvpotepa vrootpopata e Chkl otav vrapyer DNA damage, givor ot
ewopatdoeg Cde25 ko n kivdon Weel (Patil et al., 2013). Xta OnAactikd vrdpyovv
tpelc Cde25  ogowoeatdoeg:  Cdc25A, Cde25B  wkor  Cde25C, ot omoieg
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aropmcpopvAtdvouv 115 Cdks pe amotélecpo va mpoxwpd o KLTTAPIKOS KOKAOG
(Patil et al., 2013). Oleg o1 TOPATAV® EOCPOUTAGES UTOPOVY VO, POCPOPLA®OOHV
and v Chkl mapovcic DNA damage. Metd and @oo@opviimon, ot TPELS
QPOCPATAGEG UTOPOVV VO 0ONYNCOVYV GE CTOUATNUO TOV KVLTTOPIKOD KOKAOL e
drpopetikovg tpomovg (Donzelli and Draetta, 2003; Patil et al., 2013; Uto et al.,
2004).

dowopopvriiwon g Cdc25A and v Chkl odnyel oe amowodounon g
puécw tov mpoteacoHpatos kot avaotod tov Cdkl wkor Cdk2 pe amotélecpo
OTOUATN O TOV KVTTOPIKOV KUKAOL Kotd T petdfaon and ™ G1 omyv S, octopdtmua
otV S Kol GTAPATNIO TOV KLTTAPIKOD KUKAOL KaTd T petdfaocn and ™ G2 otmv M
(Mailand et al., 2000; Sanchez et al., 1997). Erniong, n Chkl ¢owcpopvidvel Kot
evepyomotel 1 Nekll, n omoio powcpopvidver tn Cdc25A pe omotélecpo to
OTOUATN IO TOV KLTTOPWKOD KUKAOL Ttapovsio DNA damage (Melixetian et al., 2009;
Patil et al., 2013).

H Chkl eooceopviidver v Cde25B ota KeEVIpOGOUATO, 00NYDVTAG TN CE
amopdkpuven and ta Kevipooopoto kot avacton g Cdkl mpwv v évapén g
kuttopikng dwipeong (Kramer et al.,, 2004). Ocov apopd ot Cdc25C, n Chkl
eoo@opvAtvel TV Cdc25C pe amotéleospa ) dnpovpyia BEcewv TPOGOEONS Y10 TIC
14-3-3 mpwteiveg, ot omoieg deopevovv tn Cde25C kot T HETAPEPOVV GTO
Kuttapomiacpo. ‘Etotl emrvyydvetal anevepyomoinon tg Cdkl kou otapdtnuo ot
G2 @don (Patil et al., 2013; Peng et al., 1997).

Emunpocbétwc, n Chkl pocspopviidver v Weel, pia kivdon vredbovn y
™V avactodtikny ewoeopviioon ¢ Cdkl oty tvupooivny 15. IMopovcioc DNA
damage, n Chkl pooceopviiwver v Weel pe amotéhespa v avaoctodr g Cdkl
Kot otapdmpe ot G2 ¢don (Lee et al., 2001; O'Connell et al., 1997). Axépa, n
Chk1 pvBuiler apvnrikd v Plk1, po putotikny Kivdon amoapaitn yo Ty opipoven
TOV KEVIPOOOUATOV, TO GYNUOTIGUO TNG ATPAKTOL Kot TNV Kuttapokivnon (Patil et
al., 2013; Tang et al., 2006). H Plkl owcpopvimver ™ Weel kar tqv oonyel oe
amowodounon pe onotédecpa v evepyomoinon g Cdkl ko gicodo ot pitwon
(Patil et al., 2013). Eriong, n Chkl ¢woceopviidvel v pS3 katd tnv evepyomoinon
tov DNA damage ckeckpoint (Ou et al., 2005; Shieh et al., 2000). Eniong, mapovoio
DNA damage, n Chkl pwopopvAidvel v p73 otn oepivn 47, pe amotélecuo TV
emaymyn g ékepaocng s p73 kot andntoon (Gonzalez et al., 2003; Urist et al.,
2004).
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1.8.2 O porog g Chkl otnv S @don

O xvttapikdc kKokhog puuileton and tig Cdks ot onoleg e€aptdvtat amd v
TPOCOEST] TV CLUTAPUYOVI®OV TOVG, TOV KLUKAvVOV, omd Kiwvdoeg kot Cde25
owopatdoes. H Cdkl evepyomoteitan pe mpodcdeon g Cyclin B, pocpopvrioon ot
oepivn 161 kon amopwopopviiwon ot Bpeovivn 14 kot Tvposivn 15 and tig Cde25
(Patil et al., 2013; Zhang and Hunter, 2013).

H Chkl nailet moAd onpovtikd poAo 610 GTAPATNUO TOV KVTTAp®V TNV S
@aon mapovcio yevotolkol stress (avacTtoAémv g oavtiypaeng tov DNA my.
vopovovpia M PAapov oto DNA) (Zhang and Hunter, 2013). H Chkl
owcpopvliwvel ™ Cdc25A pe omotélecpo TV OmTOKOOOUNGN NG HECH TOL
npoTEAcOUATOS. To omotéhecpo eivar m  oamevepyomoinon g Cdk2 kor to
otopdmuo tov doudv g oavtrypaens (Falck et al., 2001; Mailand et al., 2000;
Shimuta et al., 2002; Sorensen et al., 2003; Zhang and Hunter, 2013; Zhao et al.,
2002). Eniong, n Chkl eléyyet ko v avtypaen tov DNA ot gucioroyikn S edon
amovcio yevoto&ikou stress (Syljuasen et al., 2005). Xvykekpiéva, n Chkl poBuilet
mv  aviypoer] tov DNA pe 1peig tpdmovg: eAEyxel TNV apyomopnuéV
EKTUPGOKPATNOT VE®V onueiov &vapéng g aviypaens, eAEyyel tn Oladikacio
empurkuvong kot otadeponotel Tic dopég e avtypaeng (Conti et al., 2007; Lopes et
al., 2001; Petermann et al., 2006; Petermann et al., 2010; Zachos et al., 2003)
Avaoctod) g Chkl odnyel oe ekmupookpodtnon véwv onueiov Evapéng g
avTypoaeng Kot avtd sivor Prafepd yi to KOTTAPO S1OTL OL VEEC awTég BEoelg Oa
KOTOPPELGOVV PETA OO TOPATETALEVT] OVOGTOAN TG avTlypagng, anovcio g Chkl,

Kot 01 TEPLoYEG avTéS Oev Ba pmopésovy va avirypagovv (Zhang and Hunter, 2013).

1.8.3 O poirog tng Chkl otn perapaon amd v G2 otnv M @aon
(G2/M checkpoint)

Otav vrapyer DNA damage otmv S ¢don, n Chkl ooocpopviidver kot
evepyomotel ™ Weel, n omoio pocpopviiwdvel pe ™ ogpd g ™ Cdkl omyv
topooivn 15 kol v avactédiel (O'Connell et al., 1997; Rhind et al., 1997). Erniong,
n Chkl pwceopviidver ) Cde25C ot oepivn 216, | omoia elvon amapaitntn yo va

APUIPEGEL TNV OVOCSTOATIKY] pwc@opLAiwon g Cdkl oty tupocivn 15 pe okomod ta
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KOTTOpa va Tpoywprioovy ot pitwon (Furnari et al., 1997; Sanchez et al., 1997).
Eniong, n owcpopvrioon g Cde25C dmpovpyet Béoeig mpdodeong yu tig 14-3-3
TPOTEIVES, o1 omoieg amopakpvvouy T Cdc25C amd Tov mupnva Kt £Tol dgv Umopel va
evepyormomnBei to ovumroko Cdkl/Cyclin B (Lopez-Girona et al., 1999). Mg avtdv
Tov Tpoémo gumodileror 1 petdfaon and ™ G2 oty M @don mapovsio PAafdV 6TO

DNA, éwg 6tov avtéc emidtopHwOovv.

1.8.4 O poirog T Chkl otn pitoon

[Ipoopata, avakaAvednke o0tt n Chkl elvor amapoaitntn yoo tov axpipn
dwywpopd TOV YPOUOCOUATOV Kol Yy T Asrtovpyior tov spindle checkpoint
(Petsalaki et al., 2011; Zachos et al., 2007). Eniong, n Chkl &ivot arapaitnm yuo tov
evtomopd ¢ BubR1 otovg xwvntoympovg xotd tnv evepyomoinomn tov spindle
checkpoint (Zachos et al., 2007). £& mpdcpatn dnuocicvon| pog, osi&ape 6t 1 Chkl
ewopopvAmvel v Aurora-B ot oepivn 331 kou mpokodel v evepyomoinon g
(Petsalaki et al., 2011). Xpnowomowdvtag £va QOGEONVTICOUN EVOVTIOV NG
eooPopvAwpuévng oepivng 331 g Aurora-B, deifape 6Tt 1 Chkl eivon amapaitn
Y T @OGPOPVAI®OT NG Aurora-B katd tnv mpopetdpoon 1 KoTd TV ETMOACT] TOV
KLTTOpOV pe TaOAn, N omoia otabepomotel Tovg pikpocswAnviokovg (Petsalaki et al.,
2011). EmmpochHétmg, 1 eoopopvrioon ot oepivn 331 sivor omapaitnm yu
ewcpopvrioon ™ INCENP cto TSS motif, yio v mpdcdeon g Survivin oto
CPC kot v A pn evepyomoinon g Aurora-B aAld 6yt Tov evtomopud g Aurora-
B ota kevipopepn, ™ @woeopviimon otn Opeovivn 232 1| v mPOGOEST GTNV
INCENP (Petsalaki et al., 2011). Yrepékopaon pog popeng g Aurora-B 1 omoia
dev pooeopvAwvetal ot oepivn 331 odnyel oe AavBacpévo doywpiopd TV
YPOLOCOUAT®V, ONUIOLPYID TOALTUPNVOV KLTTAP®V, UEIOUEVO EVIOTICUO TNG
BubR1 ctoug kivntoxdpovg kot £€£0d60 amd  pitwon tapovoia ta&dAng (Petsalaki et
al., 2011). H evepyomompévn Chkl evtomileton ota KEVIPOSHOUATO, OOV EAEYYEL TV
évapén g pitwong pécm avactoing tov cvumiokov Cdkl/Cyclin B 1600 petd omd

DNA damage 660 kot 6t guotoroyikr| pitwon (Kramer et al., 2004).
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1.8.5 O poirog g Chkl otnv kopkivoyéveon

Abpopec peréteg detyvouv 6Tt 1 Chkl vrepekppdleton oe TOAAOVG TOTOVG
Kapkivov copmepAaUPavopEVOD TOV KOPKIVOL TOV HOGTOV, TOV TAXEMS EVIEPOV, TOV
Nmatoc, Tov oTopdyov Kot Tov pvoedpuyya (Cho et al., 2005; Hong et al., 2012;
Madoz-Gurpide et al., 2007; Sriuranpong et al., 2004; Verlinden et al., 2007; Xu et
al., 2013; Yao et al., 2010; Zhang and Hunter, 2013). Ouwc, petadraéelg otnv Chkl
elvar e€apetikd ondvieg otov Kapkivo emewdn n Chkl mailer moAd onpavtikd poio
ot PLOUICT] TOL KLTTAPIKOD KUKAOVL, GTOV KLTTOPIKO TOAAMTANGLOGUO KOl GTNV
emPioon (Liu et al., 2000; Takai et al., 2000). 'Exovv Bpebei petarrdielg oe mepoyn
pe dopveopikd DNA kabdg kot petadrdéelg mov aAldlovv 10 TAAICIO OvVAyvmONG
¢ Chkl pe oamotélecpo ™ onuovpyion KOAOPNG mpmTEIVG, OUMS TO 0g0TEPO
aAANAOpopPo Tov Yyovidiov eivan guotoroywkd omdte 1 Chkl exkppdaletor kavovikd

(Bartek and Lukas, 2003; Codegoni et al., 1999; Patil et al., 2013).
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Y1001

Yy mapovoa datpiPn, detyvoovue 6Tt Chkl pvBuiler Tov evromiopnd kot
opbon twv MCAK, Kif2b, Hecl xou Aurora-B oto kevipopepny 1 o610V
KIVNTOY®POLG Kot ovvepyaletar pe v Mpsl yuoo peloon tov pepoTeEMK®V
TPOCOECEMV KOl TV YpoUocoudtomv Tov kabvotepovv (Petsalaki and Zachos, 2013).
Yvuykekpyéva, ypnolpormoldvtag avlpomva kouttapa pe petopévn Chkl pe yprion
siRNA 1 DT40 kdtrapa, B-Aeppokvttapa ond KoTOTOVAO, YEVETIKA OTOAAOYLEVQ
a6 v Chkl deiyvovpe 6Tt m Chkl mpoototedel o0 KOTTOPA OO AVOPACELS WE
LEPOTEAMKES TPOGOEGEIS KOl YPOUOCHUATO OV KaBvuoTEPOLV KOl omotteitol yio
eMOOPOMON TOV HEPOTEMKDV TPOGOEGEMV G KOTTOPO GTAUATNUEVO GTI LETAPAOT).
Eniong, oeiyvovue Ot1 pewwpévn evepyomnta g Chkl odomyel oe otabepoic
mkpoocwinviokovg kot n Chkl amouteiton yioo otabepr npdcdeon TV KIVEGIVOV
MCAK, Kif2b xor Mpsl ota kevipopepn 1 TOVG KWWNTOXMOPOVLSG KOL Yol
eooeopvAioon ¢ Hecl ot oepivn 55 kou oepivn 44.

Aglyvoope emiong 011 M eooeopvAlopévn Aurora-B ot oepivn 331
evTomileTal GTOVG KWWNTOYMPOLS KOl OVTH 1 GOGPOPLAI®ON &ivar vynAnR otnv
TPOUETAPACT] KO LELOVETOL GNUAVTIKE 6T LETAPACT]. XPNOLULOTOIOVTAS KUTTAPO TOL
omoio. vrepekPpalovv T petaAlayuévn Aurora-B ot ogpivn 331 oe alavivn,
delyvoope 0Tt M ewoeopvAioon oty oepivn 331 eivar amapait ywo BEATIGTO
evromiopnd tov MCAK, Kif2b kot Mpsl ota kevipopepn 1 TOUG Kvntoydpovs Kot
vy poceopvrioon g Heel. EmmpocsBétmg, avactoln g evepydtmrag g Mpsl 1
uetmon g Mpsl pe siRNA, peidver tov apykd evtomopnd tov MCAK kot Kif2b
OTO. KEVIPOUEPN N TOLG KIWNTOYDPOVS, UEWDVEL TN QwcopvAimon ¢ Hecl ko
av&avel oKOHO TEPIGGOTEPO TO TOCOCTO AVAPACEMYV LE UEPOTEAIKEG TPOCOECELS KO
Ypopocouate mov Kabvotepodv oe kutTopa pe petwpévn Chkl. Me Baon ovtd ta
amoteAéopata, mpoteivoope 6t ot Mpsl kot Chkl cvvepydlovion mpoxeévou va
pvOuicovv tic Aurora-B, MCAK, Kif2b kot Mpsl pe okond va emdopfdcovy Tig

HEPOTEMKES TPOCOETELG.
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2. YAka kot péBooor

2.1 Yhka

2.1.1 Xnuikad xou avriopactypio

Ta ymuikd, to TAACTIKA Kol TO AVTIOPACTIPOL OYOPACTNKAY OO TS TOPUKAT®
etapiec: Applichem, Fisher Chemicals, Greiner, Invitrogen, Merck-Millipore, New

England Biolabs, Roth, Sarstedt, Sigma-Aldrich

2.1.2 'Ev{vua ko kits

Invitrogen Ltd: Eviupa meplopiopot kot buffers avtidpoonc
New England Biolabs: Quick T4 DNA Atydon
Stratagene: Quick Change Site Directed Mutagenesis kit

Thermo Scientific Pierce: Avtpooctmpia aviyvevong ECL Western blotting
(SuperSignal West Pico Chemiluminescent Substrate, SuperSignal West Femto)

2.1.3 Baktijpia,

[Ma v kaAMépyela Tov Bakmpiov ypnoyoromonkay ta e&ng:

-Yypd péco karlépyeing LB Broth to omoio amoteieiton amd: 10 g NaCl, 10 g
tryptone, 5 g yeast extract ywo 1 Aitpo LB.

-ITidta LB pe 100 pg/ml apmikiadivy i) 50 pg/ml kavapokivn.

-E. coli DH5a competent cells

-Soc medium 1o omolo anoteieiton omd 2g Bacto tryptone, 0,5 g Bacto yeast extract,
1 ml IM NaCl, 0,25 ml 1M KCI, 1 ml andé 2M Mg*? stock @idtpapiopévo kot 1 ml
amd 2 M yAokoln eiktpapiopévn o€ tedkd 6yko 100 ml pH=7.

-Amootelpouévn YALKEPOAN
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2.1.4 Kvtrapokaiiiépyeia

Anocteipopévo PBS (Phosphate Buffer Saline), (1 Aitpo 1X PBS nepiéyer 8g Nacl,
0,2 g KCIl, 1,44g Na,HPOy, 0,24g KH,PO,4 ph=7.4)

AppliChem: DMSO (Dimethyl Sulfoxide), Nocodazole, Taxol

Axon Medchem: AZ3146

Bellco Glass: I'vdAwa rings dtopétpov 6%8 mm

Greiner Cell Star: Cell culture dishes

Invitrogen: DMEM (Dulbecco’s Modified Eagle’s Medium), Ham’s F-12 medium,
200 mM L-Glutamine (100X), Lipofectamine 2000 Transfection Reagent, Optimem I
(Reduced Serum Medium), 0.05% Trypsin, PenStrep (100X), Fungizone,
Hygromycin B

Merck-Millipore: MG-132

Sarstedt: Anoctelpopéveg Stripettes twv 5, 10 ko 25 ml

Sigma: UCN-01, Tetracycline

Selleck Chem: VX-680
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2.1.5 Avticouara

Mivakog 1. lIpoTevovra avricOpaTo

Avticopa Eidog Etapia Apaioon | E@appoyn
EevioT]

Chkl1 (G-4) Mouse Santa Cruz 1:2000 Western blot
monoclonal | Biotechnology

phospho- Rabbit Santa Cruz 1:2000 Western blot

Ser'’ Histone | polyclonal | Biotechnology

H3

CENP-B Rabbit Santa Cruz 1:100 AvocopOpopiopog

(H-65) polyclonal Biotechnology

GFP (FL) Rabbit Santa Cruz 1:2000 Western blot
polyclonal | Biotechnology

TTK Rabbit Santa Cruz 1:2000 Western blot

(Mpsl1; C19) | polyclonal | Biotechnology

Hecl (9G3) | Mouse Abcam 1:250 AvocopBpopiopdg
monoclonal

Aurora-B Rabbit Abcam 1:250 AvocopOpopiopog
polyclonal

CENP-A Mouse Genetex 1:250 AvocopOpopiopog

(3-19) monoclonal

Actin Mouse Sigma 1:6000 Western blot

(AC-40) monoclonal

a-tubulin Mouse Sigma 1:250 AvocopBpopiopde

(DMI1A) monoclonal

Aurora-B Mouse BD Biosciences 1:2000 Western blot

(AIM-1) monoclonal

Avian Rabbit MBL 1:100 AvocopOpopiopog

CENP-O polyclonal

pS331 Rabbit EUROGENTEC, 1:100 AvocopBpopiopdg

Aurora B polyclonal | UK
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anti-pS55 Rabbit Ampo armd v J. 1:100 AvocopBpopiopdg
polyclonal | DeLuca (DeLuca
etal., 2011)
anti-pS44 Rabbit Aopo and v J. 1:100 AvocopOpopiopdc
polyclonal | DeLuca (DeLuca
et al., 2011)
SMP1.1 Sheep Aopo ond tov S. 1:100 AvocopOpopiopog
Mpsl polyclonal | Taylor (Tighe et
al., 2008)
IMivakag 2. Agvtepedovta avTIcONATO,
Avticopa Eidog Etapia Apaioon Eq@appoyn
Eevio1]
anti-mouse Goat Jackson 1:100 AvocopBpopiopdg
FITC ImmunoResearch
anti-rabbit Goat Jackson 1:100 Avoco@Bpopiopdc
FITC ImmunoResearch
anti-mouse Sheep Jackson 1:100 AvocopBpopiopog
TRITC ImmunoResearch
anti-rabbit Goat Jackson 1:100 Avoco@Bpopiopdc
TRITC ImmunoResearch
anti-sheep Donkey Jackson AvocopBpopiopde
FITC ImmunoResearch
anti-mouse Horse Cell Signaling 1:6000 Western blot
HRP
anti-rabbit Goat Cell Signaling 1:6000 Western blot
HRP
2.1.6 AvocopOopiouos
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Applichem: Paraformaldehyde, Methanol

Invitrogen: Topro-3 lodide (642/661)

Thermo Scientific: Polysine slides

Vector: Vectashield (Mounting Medium for Immunofluorescence)

2.1.7 Ilpwteiveg

Upsate Biotechnology: Avoacuvdvacuévn iotovn H3.

2.1.8 Iliacuiowa, Primers

Mlaopiow

pcDNAS/FRT/TO ano6 v Invitrogen

e pTK-Hygro and v Agilent Technologies

e 6myc-pcDNA3 dcdpo and tov A. Kapddoon, [Tovemoto Kpnng

e MCAK:GFP mov kwdwonotel yia v avBpomivn MCAK vBpdwkr pe GFP
dwpo and tov J. Swedlow (Andrews et al., 2004)

o Kif2b:GFP mov kwdikonoiet yio v avOpamvn Kif2b vBpdwr pe GFP ddpo
an6 tov B. Orr kot tov D. Compton (Bakhoum et al., 2009)

e Mpsl:GFP nov kmdwkomotet yio tnv Mpsl vBpdwn pe GFP dmpo and tov S.

Taylor (Hewitt et al., 2010)

Primers

Aurora B S331A_sense (t991g) 5'-gtccgggccaacgctcggagggtge-3'

Aurora B S331A_antisense (t1991g) 5'-gcacccteecgagegttggeccggac-3'

Aurora B S331E sense S'-gggtcegggccaacgageggagggtectgee-3'
(t991g_c992a t993g)
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Aurora B S331E antisense 5'-ggcagcaccctcegetegttggeccggaccee-3'
(t991g_c992a t993g)

2.1.9 A2inlovyics Twv SIRNAs

Thermo Scientific Dharmacon: Smart pool ON-Targetplus Chkl siRNA L-003255-
00 (pool 4 drapopetikdv siRNAs)

Thermo Scientific Dharmacon: siGenome Human TTK siRNA (siMps1) D-004105-
03

siRNA Alinhovyio

Chkl siRNA CAAGAUGUGUGGUACUUUA

smart pool GAGAAGGCAAUAUCCAAUA
CCACAUGUCCUGAUCAUAU
GAAGUUGGGCUAUCAAUGG

Mpsl Sense: GCACGUGACUACUUUCAAA

individual Antisense: UUUGAAAGUAGUCACGUGC

siRNA

2.1.10 Arwepopa

Fuji Film: Super RX Medical X-ray Film

GE Healthcare Life Sciences: Whatman Protran Transfer Membrane (0.45 pM)

Invitrogen: 1 kB DNA ladder

New England Biolabs: 3X SDS Sample buffer, DTT

Santa Cruz Biotechnology: Protein A/G Agarose Beads

Thermo Scientific Fermentas: Spectra Multicolor Broad range Protein Ladder
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Whatman: 3 mm Chromatography paper

2.2 M£0ooor

2.2.1 Baktijpia,

Metaoynpoatiopoc poxtypiov

E. coli DH5a competent k0ttapa Eemdymoav apyd otov mdyo kit éva aliquot 100 pl
avapiydnke pe 1-5 pl miacudiakod DNA (Stapdpwv cvykevipooewv) yio 30 Aemtd
otov dyo. AkolovOwc, TpayuatoromOnke Oepuikod shock otovg 42° C yia 45 sec kot
Hetd épevav otov mayo yw 2 Aentd. ‘Enetra, mpootédnkav 900 pul SOC medium kot
enodotnkav ywo 1 dpa otovg 37° C vrd avddevon. Xn ocvvéyeln, akolovdnoe
euyokévtpnon otig 3000 rpm, gmavadidivon oe 250 L SOC medium, anlopoa cg

maza LB pe 10 kotdAAnio avtiflotikd kot endoocn OAn voyto otovg 37° C.

Koihmépyewa faxtnpiov

Movadikég amokieg emiéyOnkav and marto LB kot petagpépnkav oe 5 ml LB pe
KatAAnio avtifiotikd otovg 37° C vrd avadevon. Metd and 8 dpeg, N kalMépyeio
uetapépOnke og teAkd 6yko 100 ml LB pe katdAinio avtiprotikd otovg 37° C vnd
avddevon o 16 mpeg. ['a paxpoypdvia amobnkevon, 700 ul Baxtipra avapiydnkov

e 300 pl amootepmpévn yAukepoin oe eppendorf kot puAdytnkav otovg -70° C.
Amopdévoon DNA og pikpi kKhipokao

4.5 ml xoAépyetag Baktnpiov euyokevtprnkayv otic 13000 rpm yia 30 sec o€ o
puepn euyokevipo. To ilnuo emavadioAdOnke kot avoivdnke pe to Nucleo spin
plasmid tng Macherey Nagel coppova pe t1g odnyieg tov Katackevaot|. To DNA
TOL amopovmONKe PLAGYTNKE oTovg -20° C.

Amopdvoon DNA og peydin khipokao
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100 ml kaAMépyerag Paxtnpiov guyokevipnOnkav otig 3000 rpm yio 30 min o€ o
peyain ovyokevipo eppendorf. To inua emavadioAbOnke kot avoivdnke pe to
Nucleo Bond Xtra Midi t¢ Macherey Nagel copeovo pe tig odnyieg tov
kataockevaot. H ovykévipoon kot n kabapdtro oo DNA mpocdiopiotnke pe
eotopeTpo Biophotometer tng eppendorf. To DNA mov amopovdbnke @uidytnke
otoug -20° C.

2.2.2 Illpwtoxoliia yia DNA

Alvordo) avtidopaocn molvopepdons (PCR)

H PCR mpaypoatomombnke pe ypnon g Pfu moivpepdong tg Invitrogen. To tumikd
npwtdérkorro TG PCR mepthapfdvet:

-94° C yw 5 hemtd

-94° C yw 1 Aemtd

-50-60° C yuo 1 Aemto

-68° C yia. 1 Aemto/kb

-Eravainyn 30 popég

-68° C yw 10 Aemtd

-4°C

Mua tomikn| avtidpaon PCR amoteleiton amd:

1 pl omd k60 ANTP (10 mM stock)
0.5 ul Pfu Polymerase

5 ul Pfu buffer (10X)

1 ul (50-500 ng) template DNA

5 pl primer 1 (10 pM stock)

5 ul primer 2 (10 uM stock)

5 ul enhancer

1 pul MgSOy and stock 50 mM

Anooctelpopévo H,O oe tedko oyko 50 pl
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Metd v PCR tpéyovpe 6X0 10 mpoiov oe 1% gel ayapdlng. Eav n {ovn elvar 6to
owoto péyehog, v koPovue pe vootépt amd to gel kol v kabopilovpe pe 1o

QIAquick Gel Extraction Kit tng Qiagen cOpomva pe TIG 0dMYiES TOL KATAGKEVOGTY).

H\extpo@opnon DNA o¢ gel ayapolng

Ta gels armotelovvray amd 1% ayapoln oe 1X TAE buffer (40 mM Tris, 0.114% v/v
glacial acetic acid, ImM EDTA pH=S8). H niektpopdpnon mpaypoatonombnke ce
opildvtio cvokevr nAektpoopnong ¢ Biorad yepdtn pe 1X TAE buffer. Ta
detypata DNA swedvOnkav e 6X DNA loading buffer (30% v/v glycerol, 0.25% w/v
bromophenol blue, 0.25% w/v xylene cyanol FF) kot poptdbnkav ota anyddw. H

niektpoedpnon mpaypotonomdnke ota 100V pe tpopodotikd g Biorad.

IIpotoxoira yra cloning

O1 méyelg tov DNA mpaypatomrombnkay pe meptoptotikd EvEupa Kot To ovTicToLyo
buffers Tov etapidv New England Biolabs kat Invitrogen copgova pe tig 0dnyieg
10V Kotackevaoti. Ot avtidpdosic emwdomkay otovg 37° C yio 2 dpec. To DNA
and tic méyelg | v PCR, kaBopiommre pe 10 QIAquick Gel Extraction Kit g
Qiagen ocOueova pe TG 0dMyiec Tov kataokevaoth. [a kabapiopd DNA and gel
ayapolng ypnowomomOnke 1o 1010 kit ko or {dveg kOTNKav omd 10 gel pe vootépt.
To ligation mpayuatoromdnke pe v Quick T4 DNA Aydon g New England

Biolabs yia 15 Aentd og Oeppokpacio dopatiov.

2.2.3 Aquiovpyio cRuUEIOK)S HETAIAAENS

H onupewkn petdAroén g oepiving 331 oe ohavivm 11 yAovtopukd 0&H
npaypotonombnke pe 1o QuickChange II Site-Directed Mutagenesis kit. H
avtiopaon mpaypatoromonke wg e&ng:

5 ul Reaction buffer

1 pul (50 ng) dsDNA template (Aurora-B/pcDNAS/FRT/TO)

1.25 pl (125 ng) primer #1 (sense S331A or S331E)
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1.25 pl (125 ng) primer #1 (antisense S331A or S331E)
1 pul ANTP mix

dH,0 og tehkd 6yko 50 pl

1 pl PfuUltra HF DNA polymerase (2.5 U/pl)

IIpotoéxkoiro Tng PCR
Kvkhor Ogppoxkpoacio Xpovog
1 95°C 30 sec
12-18 95°C 30 sec
55°C 1 minute
68° C 1 minute/kb of
plasmid length

O apBpog Tov KOKA®V o 16 cOUEOVA e 001 Yio TOV KOTOGKEVAGTY.

ITéyn pe Dpnl

Metd to mépag g PCR, 1 pl mepropiotikod eviopov Dpnl (10U/ul) npootébnke
angvbeiog oTo piypo g avTiopaonc. Xt cLVEXELD, TO PiYHo ovadeDTNKE LE TPOCOYN
Kol emodomke Yoo 1 d@pa otovg 37° C mpokewévov va Komel 10 maTpikd
vrepeMkopévo DNA. To évlopo Dpnl k6Bet povo peboiiopévo kot nupedviiopévo

DNA dpa dev k6Bet to mpoiov g PCR.

Meraoynpatiopdg XL1-Blue competent cells

Ta XLI1-Blue competent cells Eendymoav apyd otov mayo. o kébe avrtiopaon
ypnoworomOnkav 50 pl Bakmmpiov oe éva tayopévo 15 ml falcon.

>t ovvéyetla, 2 pl amd o DNA mov enwdotnke pe Dpnl petapépbnke oto falcon e
to. Baktipro. To deiypo avokatevtnke kol enmdotnke otov mayo yio 30 Aemtd.
‘Emerta, akoloOOnoe heat shock otovg 42° C yo 45 sec ko petd to Seiypo
tonofetnke otov mhyo Yoo 2 Aemtd. AxoAovBwg, mpootébnkav 0.5 ml SOC

Ceotouévo otovg 37° C kot 1o deiypo emwdotnke yw 1 dpa otovg 37° C vrd
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avdodoevon otig 225-250 rpm. ‘Emetta, 250 pl and to piypo anmhodnkov oe mdto

aumKIAAVIG Ko emmdotnkav 6toug 37° C o tepiocdtepeg amd 16 dpec.

2.2.4 Kvtrapokaiiiépysia

Oleg o1 epyacieg KuTTApOKOAMEPYELRG OeENyOnoay e ¥poN AoNTTOV TEYVIKOV

HEGO GE E0TIO E101KN Y10 KVTTOPOKOAMEPYELOL.

YovOnkeg kaihépyerog DT40 kvttdpov

Xpnoworombnkav aypiov tomov DT40 kvttapa B-Aepgpoxdtrapo amd KotdmovAo
(WT), DT40 ota omoia £xetr amoierpbei yevetika n Chkl (Chkl1-/-), Chkl-/- xdttopa
ota onoia £yet yiver Eava EvBeon Tov yovidiov mov kwdwomnotel yo v Chkl (Rev) 1
Chk1-/- kbtrapa ota omoia £xet yivel £vBeom evog Yovidiov TOV K®OWKOTOLEL Yo, o
uetaAraypévn popen g Chkl tov nmmvov pe petadlaypévo 1o aomaptikd oo 130
o€ aiavivn (D130A kinase dead cells-KD).

Ta DT40 kottopa (B Aeppokdttapa and kotdmovlo) kaAhiepynonkav otoug 39.5 °C,
5% CO; oe ovvOnkeg vypacioc. To Openticd péco kaArépyetog twv DT40 kuttépwv
ntav DMEM, 10 omoio mepieiye 2 mM ylovtapivn, 10% fetal bovine serum (FBS),
1% chicken serum, 10 uM B-pepkamtoaBovorn, 30 ug/ml mevucihivn kot 50 pg/ml
otpentopvkivn (OAa Ta avtidpactiplo and 1 Gibeo). Ta DT40 kottapa peyorodvouv
og gvainpnua Kot cvvnbmg apaidvovror 1:5-1:10 kabe 3 pépeg oe ppéoxo Opentikd
KaAMEpyewog. [a pakpoypovia eoraén, ta DT40 kdttapa taydvovy oe 10% DMSO
oe FBS ka1 puidocovtal og doyeio vypov alwtov. Ta Chkl-/- kittapa mponbov
and aypiov tomov DT40 pe edheyn TV €VOOYEVOV OAANAOUOPP®Y TOL YOVISIOL

¢ Chk1 6nwg meprypdonke (Zachos et al., 2003).

XuvOnkeg kadgpyerag BE kottapov

Ta BE «Uttapo, xopkwvikd xottopo moy€og €viépov Tov  ovOpdmov, eivor
npockolnuéva 610 vrdoTpoua Kot kKeAlepyndnkov otovg 37 °C, 5% CO, To

Opentikd péco kalépystog ntav DMEM, 10 omoio mepieiye 2 mM yhovtapivn, 10%

fetal bovine serum, 30 pg/ml mevikidivn and 50 pg/ml otpentopvkivn (6Aa ta
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avtpaoctipla and ) Gibeo). Ta BE kidttapo cuvibog apordvovtar 1:5-1:10 kdébe 3
Hépec 0€ QPECKO OPenTIKO KOAMEPYELNG. ZVYKEKPIUEVA, TO KLTTAPO EEMAEVOVTOL
otV apyn ue PBS, emwdlovior pe Bpoyivn yia 3-5 Aentd péypt va EEKOAANGOLV,
(QLYOKEVTPOVVTOL KOl ETOVAIIOADOVTAL 6E PPESKO Bpentikd émetta and apaiwon. [a
pokpoypévie. eOAaén, ta BE xottapa maydvovv oe 10% DMSO ce DMEM kot

@vAdccovtal og 60xeio VYPoL aldTov.

YovOnkeg koiMépyerog T-REx CHO kvttapov

Ta CHO «Vttapa, xopkivikd kottapo g wofnkng tov hamster, &sivow
TPOSKOAANUEVO 6TO VITOGTPOUA Kot kKaAhepynOnkav otovg 37 °C, 5% CO,, Ta T-
REx CHO exepdlovv otabepd tov Tet repressor (Invitrogen). To Opemticd péco
kaAMépyewog Nty HAM’s F12, to omoio mepieiye 2 mM yAovtapivn, 10% fetal
bovine serum, 30 pg/ml mevuidivn and 50 pg/ml otpemtopvkivn (6Aa Ta
avtwpaoctipla and ™ Gibco). Ta CHO xuttapa cvvibog apoardvovion 1:5 kabe 3
pépeg o EPECKO OPENTIKO KOAMEPYEWNG. ZVYKEKPLUEVA, TO KOTTAPO EEMAEVOVTOL
omv apyn pe PBS, emwdalovrar pe Opoyivn yia 5 Aemtd péxpt va EgKoAAcouV,
(PLYOKEVTPOVVTOL KO ETAVAOLOAVOVTOL GE PPECKO OpenTikd Emetta amd apaimon. [a
pakpoypévie. eoraén, ta CHO xvttapo mayovouv oe 45% conditioned medium
(Onhadn Bpentikd vAKO ot0 omoio Exovv kailepynOelt CHO xottapa), 45% @pécko

Opentikd kot 10% DMSO kat puridccoviot og doxeio vypov aldTov.

Empoivvon BE kuttapov pe siRNA

To siRNA évavtt g Chkl tov avBpdnov, tg Mpsl 1 to apvntikd siRNA (Thermo
Scientific Dharmacon), giofydncav pe mopodikn emnipdivvon oe kotropo BE, 24-48
MOPEG TPV TNV avdAvo™M 1 TN YPNON POPUAK®OV, YPNCILOTOUDVTIOS TO OVTIOPAGTNPLO
Lipofectamine (Invitrogen). I'evikd, ta BE kOttopa otOnkav v mponyoduevn puépa
™me empoAvvong oe mokvotnta 50-70% oe KatdAAnia omootelpopéva TpuPAiic
Sopétpov 35 mm (my. BE «bttapo 3-4%¥10°). Metd and 16-24  dpec
mpaypatonromOnke 1 empdAvven pe to  ekdotote SIRNA pe ypnon tov
avtwpaoctnpiov Lipofectamine 2000 ocOppova pe TIG 00MYiEG TOV KOTOGKELOGTY).
I'evikd, to siRNA (100 pmol siRNA pool) kot 1 Lipofectamine drodvOnkav oe 250 pl

Optimem 10 k0Béva, emwdotnkav ce Oepupoxpacio dwpotiov yioo 5 Aemtd, ot
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oLVvEYELD avapiyOnkay Kot emmactnkoy o eppoxpacio dopatiov yio dAia 20 Aemwtd
Kol petd mpootédnkav omevbeiog ota kvttapoa. H peiwon g €keppaong g
TPOTEIVNG EAEYYONKE petd amd 24-48 mpeg koAMEpyelog Ko eA&yyOnke pe Western
blot.

IMapodwi) empdivvon KuTTdpoVv pe thaomorakdé DNA

Mo mapodkn empdivvon kuttdpov pe mhacudlokd DNA, ta kdttapa othdnkav v
nponyovpevn pépa oe mokvotnto 90% oe KotdAANAo oamootelpouéve TPLPAia
Sopétpov 35 mm (my. BE «vttapa  5,5%10°). Metd ond  16-24  épeg,
mpaypatomombnke 1 empodivven pe to mAaopdolakd DNA  pe ypnon tov
avtwpaotnpiov Lipofectamine 2000 cOppovo pe Tic 0dNyieg TOL KOTOGKELOGTY.
I'evikd, to DNA (4 pg) ko n Lipofectamine doaAvOnkav oe 250 pl Optimem to
kabéva, emwdotnkav oe Oeppokpacio dopatiov yw 5 Aemtd, o1 GLVEXELL
avapiydnkov kol etodotnKay oe feppokpacio dwpatiov yuo GAla 20 AenTd Ko HETA
npootédnkav anevbeiag ota kutTapa. H ékepaocn tov dtayovidiov yevikd ehéyyOnke

petd and 24 mpec.

Anmovpyio kutTapik@v cepav T-REx CHO pe ypfion nhacpidtaxov DNA

[Ma empdivvon kuttdpov T-REx CHO (Invitrogen) pe mAacudtokd DNA pe okomod
™ ompovpyia otabepng KLTTOPIKNG GEPAC, To KOTTOPA GTHONKAY TNV TPOTYOUUEV
uépa oe mokvotnta 90% ce katdAinio omootelpopéva TpvPiia dapétpov 60 mm
(1,7 *10%). Metd amd 16-24 dpec, mPaynaTomomOnke 1 eTPOIOVON pE TO
mhacpotokd DNA pe ypnion tov avtdpaotnpiov Lipofectamine 2000 coppmva pe
TIC odnyieg 1oV Kataokevooth. [evikd, to DNA (8 pg) ko m Lipofectamine
daAvOnkav oe 500 pl Optimem to kabéva, enwdotnray oe Oepuokpoacio dmpatiov
Y. 5 AENTA, OTN CLVEXELX avOUiYONKay Kol enwacTnKay og Beppokpacio dopatiov
v aGAdo 20 Aemtd ko petd Tpootédnkay angvbeiag ota kutTapa. Metd and 24 dpeg,
To. KOTTOpo OpvyvomomOnkay kol owAVONkav oe 5 ml @péoko Opemtikd. X
ovvéyeta 100 pl, 200 pl, 500 pl amd ta KOTTOPO HETOPEPONKAY GE ATOCTEPOUEVA
TpuPAia Sapétpov 150 mm pe 30 ml Bpentikd pe KOTAAANAO avTIPloTIKO EMAOYNG

(Hygromycin yw to vector pcDNAS/FRT/TO) kot Fungizone.

49



EAévn [letoalakn, 2013

A0O1KOGI0 0TTOROVAOGTS HOVAIIKMOV 0TOLKLOV

Metd and mepimov 15 nuépec, ota tpuPAia elyav oynuatiotel povadloieg amotkieg
pHetd tn oOpdacm Tov ovTIPloTikov Kot aKoAovOnOnke M mopakdTe OladiKacio
amopudévmong tovg. I'vahva rings dapétpov 6*8 mm (Bellco Glass) kot Palerivn
anootelp®dnkav. Akorovlwc, To kKOTTApA péca oto TPVPAia TAOONKAV 2 Popéc pe
anootelpouévo PBS kor pe m Pondeio AaPidag ta rings petapépnkoyv mpdta o1
BaleAivn yia Alyo devtepOAemTa Kol 6T GLVEYELN LEGA 6TO TPLPALO LE Ta KOTTOPA [UE
okomd KAOe ring vo TEPIKVKADVEL L0l LOVODIKY OTOKIOL Kol VO VITAPYEL LOVMOOT| LE
™ Pondewa g Palerivne. ‘Ererra, 200 pl Bpoyivng tomobfemOnkov péoa oe kdbe
ring kot enwdomrov ywoo 10 Aewtd. X ocvvéyewa, n Opoyivn pali pe to KoTTOpa
petapépnkayv ancvbeiog oe 24 well-plates pe v mpocsOnkn 1 ml Bpentikov. 'Etot
Yo KGO amotkio vINpye £Va GUYKEKPIUEVO aplOUNUEVO T YEOL.

Metd amd Ayesg nuépeg Ko ooy TO KOTTOPO TOAAATAACIACTNKOV KOl
Yéoav 1o TNydodl, ot amoikieg BpvyivomomOnkav kot petapépbnkov oe 6 well-
plates. Xto Opentikd ocvveyicape v mpoohnkn Hygromycin yin okdpo pepkég
dwupéoels. Otav ta kuTTapa yéuioav ta 6 well-plates, tote BpvyvoromOnkav Kot
yopiomkav cg 2 pépn. To éva pépog petapépnke oe tpuPfiio 35 mm kot and to
GALO TOPOCKEVAGTNKAV KUTTOPIKA EKYVAIGHOTO Kot avalvOnkav pe Western Blot pe
OKOTO TNV €UPECN OMOKIOV 7oL eKEPAlovV oTafepd TO OyoVviol0 7OV HOGC

EVOLLPEPEL.

Aviyvevon KaTdAAA®V aToIKLOV

Enéynkov kdmoleg Oetikég amowkieg or omoieg vmoPAnOnkav oe Sadoyikég
oLYKEVTPOOELS TETPaKLKAIvNG (10-500 ng) ywo dibpopa ypovikd dwwotiuota (0-24
opeg), (Ewdva 7). Tkomdg rav 1 €0pecn AmoKidV Tov vo ekepalovv mepimov 10
Qopég meploocoTePT petardayuévn Aurora B oe oyxéon pe v evdoyevn Aurora B.
Tétown emineda vrepékepaong Bewpeitar 0Tt KAAVTTOVY TN OPACN NG EVOOYEVOLG
TPOTEIVNG XOPIg Vo TPOKAAOVV AGBN 6TOV evIomIoUd TNG UETAALAYUEVNG TTPOTEIVIG
mov vrepekppdleton (Ditchfield et al., 2003a). Ta enineda Ekepacng Tov dtaryovidiov
eréyyOnkav pe Western Blot evd o evtomiopdg g npmteivig pe avosopfopiopd oe

KUTTOPO OTNV TPOUETAPOCT] HE YPNON TOL OAVIICOUOTOS EVOVTIOV TOL myc.
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ELéyyOnke emiong OAa ta kOTTOpa vo exkepdlovv petalh tovg moapdpole emimedo

petoAroypévng Aurora-B.

Pcav TetR

- ! — iR -
- e iR ™
et -

= gt ';1_@
v S Y2

%P Kotaostoln ékepoong
CV D LV
i ' :

Aurora-B

1 + tet (A)
A A

Aurora-B

= Enayoyn ékppoong
TATA TetD, TetD, Aurora-B

Ewéva 7: Ta ovetatika tov Tet-ON cvotipartoc. Ta kdttapa TREx-CHO exppalovv otabepd éva
mAoopidlo mov kwdtkomoet yio tov Tet repressor. O Tet repressor otov ek@pactel, opodepiletaor Kot
KkaBeton whve otig ariniovyieg Tet0, Tov mAoodiov Kol KOTOGTEAAEL TNV £KQPACT TOV YOVISIOV TOL
pog  evowpépel. Opmg petd Ty mpocHnkn TtetpakvkAiviig oto Opemtikd péco, arAdler m
o1ep0dLapOpe®an Tov Tet repressor Kt £Tot avtodg EgkoAldel amd T adAnAovyieg Tet0, kot emTpénet

NV €KQPOGCT TOV YOVISI0L TOL [LoG EVOLOQEPEL.
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2.2.5 Amouovwon kot availvon tpmTEivay

ExyvAhiopota amwd kotropo

To xdttapo A6Onkav oe kpvo (4° C) diwhvua WCE (Whole Cell Extract), (20 mM
Hepes, 5 mM EDTA, 10 mM EGTA, 0.4 M KCl, 0.4% Triton X-100, 10% glycerol, 5
mM NaF, 1 mM DTT, 5 pg/ml Leupeptin, 50 pg/ml phenylmethylsulfonyl floride
[PMSF], ImM Benzamidine, 5 pg/ml Aprotinin, 1 mM Na3;VOs) v 30 Aentd otov
nayo. Ta mpoidvta g kutTapoAdcemg puyokevipnOnkay og 13000 rpm ywo 10 Aemtd
o€ Yyoyouevn euyokevtpo. Ta vrepkeipevo petagépnikav oe véa eppendorf tubes kot

avolHOnKay Yo cuykévipoon Tpwteivng kot puiiydnkay otoug —80° C.

IIpoodwopiopidg cuykévrpmong ntpoteivov (Bradford assay)

Xpnoyomombnke n arfoopivn tov Booswddv (BSA) and stock 2 mg/ml, dote va
etiaytel o ogpd standard dwadoywkodv apoadoewv (0.1 mg/ml, 0.3 mg/ml, 0.5
mg/ml, 0.7 mg/ml, 1 mg/ml, 1.2 mg/ml). Ta standards ypnoipomombnkav yio va
QTIOTEL L0l KOUTOAT] GUYKEVTPOONG HE GKOTO VO DTOAOYIOTEL 1] GLYKEVIP®ON TWV
exbotote detypatov. Ta standards kou o detypata apoarwdnkav oe 50% Bradford
reagent (Applichem) apaiwpévo pe vepod kot tomofetinkoy oe g101Kég KuyeAdES Yo
eotopetpo eppendorf. Tvykekpéva, and ke standard poptdOnkav 10 pl og 1 ml
apoaropévo Bradford reagent evd amd kabe dstypa 2-5 pl oe 1 ml apaiwpévo Bradford

reagent.

AvaAivoen TPOTEIVAOV

Ta detypata avarvdnkav oe SDS gel moAvaxpovrapiong oe 10% 1 12% resolving gel

ka1 og stacking gel.

ITivaxac 3. SDS page resolving and stacking gel

10% Resolving gel 40 ml

H,O 19.2 ml
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40% acrylamide mix 10 ml
1.5 M Tris (pH 8.8) 10 ml
10% SDS 0.4 ml
10% ammonium persulfate 0.4 ml
TEMED 0.016 ml
12% Resolving gel 40 ml
H,O 17.2 ml
40% acrylamide mix 12 ml
1.5 M Tris (pH 8.8) 10 ml
10% SDS 0.4 ml
10% ammonium persulfate 0.4 ml
TEMED 0.016 ml
Stacking gel 10 ml
H,O 7.3 ml
40% acrylamide mix 1.25 ml
1 M Tris (pH 6.8) 1.25 ml
10% SDS 0.1 ml
10% ammonium persulfate 0.1 ml
TEMED 0.01 ml

I'evika, 50-100 pg mpwteivng oe SDS sample buffer pe DTT Bpdotkoav yio 5 Aentd
otoug 95° C, goptdbnkav oe Egyoplotd mnyddio yo kdbe Seiypa ko Simha
eoptdOnkav 10 pl protein marker. Ta gels tomoBetOnkav oe dKég deapevég
vepdreg pe Tris Glycine Running buffer (25 mM Tris, 0.1% SDS, 0.19 M glycine) yia
gels kol o1 mpwteiveg Etpegav mpog to Betikd mOAo pe otabepn taon 180 V. T
OULVEYELDL Ol TTPWTEIVES HETaPEPONKAV e pepfpdvn vitpokvttapiving pe semi-dry

transfer.

Metagopa npoteivov (Transfer)

Ta gels molvakpviopidng peta@épnkay oe pepPpavn vitpokvttopivng pe semi-dry

blotter (Scie-plas). Xtn cvokevn transfer tomofetnOnKav ta €ENG HE TNV TOPAKAT®
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oelpd: 6 yaptid Whatman peyéBovg 10*10cm, n pepPpdvn vitpoxvttapivng peyédovg
10*10cm, 10 gel moAvakpviopiong, 6 yoptid Whatman peyéBovg 10*10cm pe
TPOGOAVATOMGHO amd TNV Avodo oty KaBodo. OAa To avTIdpacTIPLL ELYOV LOVAIACEL
nponyovpéveg oe odAvpa Transfer buffer pH=9.2 (47.8 mM Tris base, 39 mM
Glycine, 1.28 mM SDS, 10% methanol). To transfer npaypatomomdnke ywor 1,5-2

wpeg avaroya o pEyedog g TpmTEIvG TOL o evolapépet ota 20 V.

Avdivon ntpoteivov (Western blotting)

Metd 1o transfer, n pepPpdvn vitpoxvttapivng enwdotke pe 5% yaio oe TBS-
Tween pH=7.4 (10 mM Tris, 100 mM NaCl, 0.1% v/v Tween-20) ywo 1 ®pa yu
UTAOKAPIGLO TOV U E0IKOV aAnAenidpdoewv. Edv mpoxeitat yo @oopoavticopa,
10 umAokdpicpa mpoypatoromdnke oe 5% BSA oeg TBS-Tween. Xtn cvvéyewa, 1
HEUPPEVI ETOAGTNKE LE TO KATOAANAQ AVTICOUOTO OTIG KOATAAANAEG CLYKEVIPMOELG
oe 1% yoia ] BSA og TBS-Tween yio. 16 dpeg otovg 4° C.

Tnv enduevn pépa, n pepPpavn mAvOnke 1 popd yio 15 Aemtd kot 2 @opég Yo
5 Aemtd pe TBS-Tween Kot 6T GUVEYELD ETWOACTNKE LE TO KATOAANAL OVTICOUOTO
apoaropéva 1:6000 cvvoedepéva e HRP oe 1% ydio 1 BSA oe TBS-Tween ywo 1
opa oe Beppokpacio dopatiov. AkorovOnce 1 mAvoo 15 Aentd pe TBS-Tween
Kol 4 TAvoipoto and 5 Aentd 10 kabéva Kot ot cuVEYELD 1| LEUPpavn avalvdnke pe

ECL detection kit (Thermo Scientific Pierce).

Avocokatakpipvion tng Aurora-B ko doxipacio kivaong (IP kinase assay)

Ta kdttapa AOOnKav pe vrepriyovg 3*10 sec oe didlvpa Radio-immunoprecipitation
lysis buffer (50 mM Tris-HCI pH 8.0, 150 mM NaCl, 1% NP-40, 0.5% deoxycholate,
0.1% SDS, 1 mM PMSF, 1 pg/ml leupeptin, 1 pg/ml aprotinin, 30 pg/ml RNase, 20
mM B-glycerophosphate, 0.3 mM Na3;VOy) kot enwdostnkav otov wdyo yia 30 Aentd.
‘Emerta n Aurora-B avocokataxpnuviotnke e TOAVKAOVIKO OVTICOUM EVOVTL TNG
Aurora-B (Abcam) yw 16 dpeg otovg 4 °C ko axorovbng enmwdotnke pe Protein
A/G PLUS-Agarose beads (Santa Cruz) yw 1 @pa otoug 4 °C. AkorovOncov 2
TAOGES TV ceapiov pe ddAvpa radio-immunoprecipitation lysis buffer, o

nAvon pe owivpa wash buffer (50 mM Tris-HCI pH 8.0, 0.4 M NacCl, 1% NP-40,
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0.5% deoxycholate, | mM PMSF, 1 pug/ml leupeptin, 1 pg/ml aprotinin) ko 2 TAvcelg
ue Tris buffer (10 mM Tris-HCI pH 7.4, 150 mM NaCl, 0.1 mM PMSF).

Mo ™ Odokyoocio Kivdong, 1 ovVOoCOKATOKPNUVIGUEVN Kivdon Aurora-B
enwaotnke pe kabapn otovn H3 (Upstate Biotechnology) yio vndotpopa ko 0.1
mM ATP o¢ o avtidpaon 20 ul oe diddopa kinase assay buffer (50 mM Tris-HCI
pH 7.4, 10 mM MgCl,, 1 mM EGTA, 1 mM DTT, 5 mM NaF, 5 mM
glycerophosphate, 5 mM Na3;VO,) (Honda et al., 2003). Ot avtidpdoelg avaivdnkav
e Western blotting pe molvkhovikéd avticope svavtiov g phospho-Ser'® g

otovng H3. H mukvopetpikn| avélvon mpaypotonomdnke pe to tpdypappo Imagel.

2.2.6 IlIpwtoxolia yro kKotTopousTpio pong

IIpogtowpacio ko povipomoinon TOV KVTTAPOV

Ta BE kot too DT40 kbdtropa omdnkay Kot eTmactnKay He dipopo GAPLOK OTTMG
énpeme. Tt ovvéxeto, Tovhdyiotov 1#10° kottapa cuidéydnoav (ue Opvyivomoinon
Y0 TO TPOCKOAANUEVO GTO LTOGTPOUA), TAVONKav pe PBS kot poviporomOnkav pe
70% oBavoin oe PBS ywa 30 Aentd otov mhyo péypt OAN voyta. XTn GUVEXELD,

PLAGYOMKav oTovg 4° C 1 BAeTnKY Yi0 TEPOITEP® AVAAVOT).

Avaivon kKuttapikob kKokiov (pS10-H3/PI staining)

H ¢ocpopvuiioon ot ogpivn 10 g wotévng 3 (pS10-H3) ovpPaiver vopic ot
pitoon ko arotedel €va epyodeio TPOGIHIOPIGUOD TOV UITOTIKOV KLTTAPWOV GE 10
KOAALEpYEWD. Apyikd, YIVETOL QLYOKEVTIPNOT TOV HOVILOTOUUEVAOV KLTTAPWOV OTIG
1200 rpm yw 5 Aentd o€ Oepuoxpacio dopatiov, mAvolpo pe PBS kot puyokévrprnon
Kt énetta enovadidivon o 0.1% Triton PBS ywo 15 Aenté otov ndyo. Xt cvvéyea,
To KOTTAPO. QUYOKEVIpoUVTOL Kot emavadiaAvovior oe 100 ul 1% BSA PBS mov
TEPLEYEL OvTICOUA EVOVTL TS POSPopvMouévng oepiving 10 g wotovng 3 (Santa
Cruz Biotechnology) oe apaimon 1:200 yia 2 dpeg oe Beppokpacio dopatiov. X
ovvéyela, axorovBel mpocOnkn 500 pl PBS, guyoxévipnon kot emavadidivon oe
PBS mov mepiéyet avticopa anti-rabbit FITC og apaiowon 1:200 kot endaon yu 30

Aemtd og Beppokpacio dwpatiov 6to okotadl. Emetta, akoiovdel mpocOnkn 500 ul
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PBS, nov mepiéyet 25 pg/ml Propidium lodide (PI) kot 250 pg/ml RNAseA wpwv v

avéAvon.

Kvttapopetpio porjg

Ta kdtTapo avardbOnkav pe Kuttapopetpntn porg Becton Dickinson FACScan ko

OTN GLVEYELN OVOAVON KAV GTOV LTOAOYIGTY| e TO Aoyioukd WinMDI.

2.2.7 AvocopOopiouog

Movipomoinon KuTtapmy Yo GUVEGTLOKI] PIKPOOKOTTiO

Mo perém g eooeopviioong g Hecl o oepivn 55 N ot ogpivn 44, 1ta
KOTTOpa TPOo-poviponomOnkav tdve oe Polysine slides pe 4% PFA oe Hecl- PHEM
buffer (60 mM PIPES, 25 mM Hepes pH 7.0, 10 mM EGTA, 2 mM MgCl, pH=6.9)
v 10 devtepdrienta o€ Beppokpacio dopatiov, ot pepPpdveg Tovg £ytvay SamEPUTES
ue 1% Triton X-100 ko 100 nM Microcystin (Sigma) dote va angvepyomotnfolv ot
eooeatdoe (Gorbsky and Ricketts, 1993) yio 5 Aentd oe Beppokpacio dopatiov.
21 ovvéyew, povipornomnkayv pe 4% PFA oe Hecl- PHEM buffer ywo 20 Aentd og
Bepurokpacio dwpatiov, mAGONKkav 2 @opéc pue PBS pe 0.1% Triton X-100 ko
Baptnkav pe katdAinia avticopota (DeLuca et al., 2011).

IMa perém g ewcspopviimong ¢ Aurora B ot oepivn 331, BE kbdttopa
enwaotnkav pe 0.5% CHAPS oe diddvpo PHEM (60 mM PIPES, 25 mM Hepes pH
7.0, 10 mM EGTA, 4 mM MgSO4) 10 omoio mepielye 100 nM Microcystin. X
ocuvéyew poviporomOnkov pe pebovoln kot PBaemkov pe TOAVKAOVIKO QOGEQO-
avticopo anti-pS331. H mocotikomoinon tov gBopiopov £yive pe to Leica Confocal
Software kot ot Tipéc e pS331 kavovikomomOnkay 6e oxéon He TV EVTAON TNG
CENP-A.

Ye OleC TG GAAEC TEPMTMOELS, GULUTEPAUUPOVOUEVIC TNG OOKILOGTIOG
evaoOnoiog oto nocodazole, To KOTTOPO HOVIHOTOMONKAV GE OVTIKEYULEVOPOPOVC
nAbkeg KoAvppéveg pe morlvAvoivn (Thermo Scientific) pe 4% PFA oe Cytoskeletal
buffer pH 6.1 (NaCl 137 mM, KCI 5 mM, Na,HPO, 1.1 mM, KH,PO, 0.4 mM,
MgCl, 2 mM, EGTA 2 mM, PIPES 5 mM, glucose 5.5 mM) yia 5 Aentd oe
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Bepuokpacio dopatiov, ot pepPpaveg tovg Eyvav dwomepatéc pe 0.5% Triton X-100

oe Cytoskeletal buffer kot Baptnkav pe katdAinio aviicopota (Zachos et al., 2007).

XpOo1 KUTTAPOV Y10 GUVEGTLOKI] HIKPOOKOTiO,

Ta kOTTOpPOA TAVEO OTIC AVTIKEWEVOPOPOVS TAdKES emmdotnkay pe 1% BSA PBS ya
30 Aentd otovg 37°C yioo pmhokdpiopa Tov un €81kOV oaAniemidpdosmy. X
GLVEXELD, ETMACTNKAY e To KATAAANAa avTicopata o€ apaioon 1:100-1:250 o 1%
BSA PBS yia 1 @po otovg 37°C 1 v 16 dpeg otoug 4°C. 'Enerra, 10 mpwtedov
avticopo EeAmbonke 3 gopéc pe PBS mpobeppocpévo otovg 37°C yua 5 Aentd kéde
POpA. KOl EMOACTNKE pe To devtepedovTo aviicouato yio 45 Aertd otoug 37°C. T
ovvéyela, Eemvnkav ta devtepevovta aviicopato pe PBS mpobeppacuévo otovg
37°C yw 5 Aemtd kGOe popd kot akorovOnoe mounting pe Vectashield kat varnish pe
dwapavo Pepvikt ota dxpo Yoo povoor. Ot avTIKEWEVOPOPOL TAAKES UAGYONKOV

otovg 4°C péypt TV TOpaTHPNON.

Avdivon évraonc Oopiopov

Mo va avalvcovpe v éviacn tov ehopicpov, agatpécape to background kot ot
evtaoelg moootikomomOnkav pe 1o mpoypappo Leica LCS Lite. Ov tipég GFP
KavovikoromOnkav ce oyéon pe t CENP-B 1 ™ Hecl, ot pS44 kot pS55 og oyéon
pe ™ Hecl, n pS331 o¢ oyéon pe  CENP-A ko n Mpsl oe oyéon pe ™ Hecl.
[ToAAG Cevydpia KivnTox®Opmv avé KOTTapo amd TovAdyloTov 3 KOTTOPO oVA TEIPOLLLOL

arnd 2 aveapnra mepduato ovolvonkoy oe Kabe mepintwon.

ATOTTOADUEPIGNOS TOV HIKPOGOANVIGK®V 01 0TTOi0L OEV TPOGOEVOVTUL GTOVS

KLV TOYDPOVG

Ta k0tTopa enodotnkay pe kpvo Bpertikd vikd (4°C) yio 15 Aertd otovg 4°C. X
ouvéyela, akolovOnce pio cuvtoun poviponoinon pe mpobeppacuévn 4% PFA og
PHEM 7y 10 sec og Oeppokpacio dopotiov kot ot HeUPPAVES TOV KLTTAPOV Eyvay
dwmepatés pe mpobeppocpévo 0.5% Triton e PHEM ya 5 Aentd oe Oegpuoxpacia

dwpatiov. Ererta, ta kdtTtopa poviporombnkav pe mpobepuacpuévn 4% PFA oe
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PHEM vy1a 20 Aentd o€ Oeppokpacio dwpatiov, akorovdnoe blocking pe 1% BSA og

PBS xot emooaon pe aviicouata yio avocsoebopioud (Silkworth et al., 2009).

Amnelev0époon ané MG-132

Yta mepdpota anelevfépwong ond MG-132, ta Chkl-/- DT40 kottapa, to aypiov
tomov DT40 kdttapa kot tao BE kOttapoa enowdotnkov yoo 3 Opec Pe TO QAPLOKO.
Ola ta kOTTOpO enwdotnkay pe 10 pg/ml MG132 (Calbiochem). Metd v endaon
Le To PappoKo, To KuTTOpa EEMAVONKaY 3 popég e PBS kot enwdotnkav pe ppéoko
Opentikd LAIKO TPOKEWEVOL VO UTtovy oty avaeaoct. Metd and 150 Aemtd yia ta
aypiov tomov DT40, 3,5 opeg yu ta Chkl-/- ko 165 Aemtd yio too BE, 1o x0ttapa
poviponomOnkov eite pe 70% oBavorn oe phosphate-buffered saline (PBS) pe
okomd va avaivBovv pe kvttapopetpio pong eite pe PFA (mopagpopuoidetion) yu

HEAETN LE XPNON GVVECTIOKNG MKPOGKOTIOG.

Aoxkpacio gvoarodnoiog prkpoocwinviok®v 6to nocodazole

Ta kOtropa enwdotnkoav pe 10 pg/ml MGI132 (Merck) yio 3 ®peg mapovsio M
arovcic 300 nM UCN-01. Zt0 téhog NG emmaong, mpootédnkoav 500 ng/ml
nocodazole yio d1GQopa YPOVIKA OSOGTAUATO, TO KOTTOPO HOVIHOTOWONKOV e
Tapo@opUoAidetion oe cytoskeleton buffer kot avaAvOnkov pe ocvveotokd
LKPOOKOTIO OTt®G TEPLypdonke mopamdve. Ot eiKOVEG GLUAAEXONKOV e TOUES TV
0,2 um og Baboc 10 um Ko cvyywvevdnkav ypnowonoidwvtag to Leica LCS Lite
software kou m éviaon @Bopiopod mov oxetileTon UE UIKPOCOANVIOKOVS OV
TPOKOTTEL amd KAOE MTOTIKO KOTTOPO TOGOTIKOTOMONKE OVOADOVTOG Lo TEPLOYY|
ioov gpPadov ypnowonroidvtag to Image J (NIH). [Ipokeyévov vo diepgvvicovpie
™ otafepdtTo TOV HKpOoSOANVioKkmv, N éviacn ¢Bopiopod mov oyetiletor pe
HUIKPOCOANVICKOVS KOVOVIKOTOWONKE oToL 2 AEmTd, €MEW META omd 2 Aemtd OTO
nocodazole, m mAgOVOTNTO TOV WKPOCOANVIOK®V TOL OV  GLVOEOVTIOL L€

KIVNTOY®MPOLG amomoAvpepileTot OTMG QOIVETAL LlE GUVEGTIOKT] LIKPOGKOTIAL.

2T0TIOTIKY avdivon

O1 p-values vroloyiotnkav pe xpnomn tov Student’s z-test.
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3. Amoteréopoata: Merétn Ttov poiov T Chkl oty
APOINYN NEPOTEMKOV TTPOGOEGCEMYV KUL YPOUOCOUITOV TOV

KaOvoTEPOLY 0TV CavAQUOoN

3.1 Ta BE xvttapo pe peiopévny Chkl mapovosidlovv avénpévo
TOGOGTO UVUQPAGEMV PE NEPOTEMKES TTPOGOEGELS KUL YPOUOCONATA

oV KoBvotepovv

[Tpokeévov va peretnoovpe €va mBave poro g Chkl oty mpdinym
avVaPACEMV e PEPOTEAKEG TPOGOETELS, KuTTapa BE (kapkivikd kbtTapa tov mayémc
eVIEPOL TOL avBpdmov) emporlvvinkav pe siRNA evavtiov ¢ Chkl 1 enwdotnkoy
pue UCN-01 (avactoréag tng Chkl) ywa 3 dpec, povypomombnkav ko Baotnkov pe
KOTOAANAQ OVTICOUOTO [LE OKOTO TOV VLTOAOYIGHO TOL 0plfuol oavopdcemv Le
HEPOTEMKES TPOGOEGELS 1 YPWHOCOUATO TOL Kabvotepovv. Melwon g Ekepaomg
¢ Chkl pe siRNA 1 enddaon pe UCN-01 odfynoe oe ahEénon tov mocostod Tmv
avopacenv pe pepotelkés mpocdéaels (13,3% war 13,4% avtictorya), (Ewova 8B)
oe oyéon pe 1o kotrapa eAéyyov (controls), (3,9%). Emiong, peiwon g Chkl 7
avaoToAr] g evepyotTdg avtng e UCN-01 odnyovv o adénon tov avapicemy e
ypopocouata mov kabvotepovv (15,1% xar 14% avrtiotoya), (Ewova 8A) o oyéon
ue ta controls (4,7%). Ta ypopocodpoto mov Kadvotepohv Tapovctdloviot Tk
oav o adeper] ypopatido 1 omoio evromiletal oto onuepwo eminedo (Ewdva

8AT).
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Ewéva 8: Ta xvtrapo pe peropévn Chkl wapovoidlovv ava@dacels pe pepoteMkéc mpocoLcels
Kol ypopocopote wov kedvetepov. Kuttopa BE empoiovOnkay pe apvnrucd siRNA (control) 1
siRNA evavtiov g Chkl (siChk1l) 1 enwdotrav pe UCN-01 yuo 3 dpec. (A) Hopdderypo avapacng
ota BE wittapa. ‘Eva adeApd Kevipopepes GUVOEETOL LE UKPOGSMOANVIGKOVS Ot TOLG 600 TOAOVG TNG
atpaxtov. Ilpdowo: a-tubulin, kokkivo: CENP-B, pmie: DNA. Ta évBeta deiyvouv peyebBopéva
kevtpopepn. (B) Zuvyvomrteg avapdoemv pe pepotehMkés mpocdécels. Tovddyiotov 50 avapdoelg
avaivOnkov and 3 ave&dpmmro mepdpata. Ta error bars dgiyvovuv ) otabepr| amdkhon (standard
deviation) tov pécov amd 3 aveEaptnto mEPhpaTo. = 0 aplBUdC TOV OVAPACE®V TOL LeAETHONKAVY
(') HMapdderypa avaeoong pe xpopocopo tov kabvotepet og kbttapa BE. Kokkivo: CENP-A, umhe:

DNA Scale bars: 5 uM (A) Zoyvotnteg avapdoemv [e Ypopocdpata mov Kabvotepovv. TovAdyiotov

o-tubulin

BE cells
merotelic attachments
p<0.001
h 4 i 4
p<0.001
=150  p=150
T
n=154
control  siChkl  UCN-01
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Anaphases with lagging
chromosomes (%)

50 avaedoelg avardnkav amd 3 aveEaptnta TepdoTo.
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3.2 Ta DT40 Chkl-/- kvttepa mapovoidlovy avénuévo mO606TO
OVOQPAGE®MV NE NEPOTEMKES TPOGOEGELS KOL YPOUOCONATO TTOV

KaOvoTEPOUV 0TV GVAQUOT)

[Tpokeévov va emiPePfordoovpe o OMOTEAEGHOTE HOG GE GAALO KLTTOPIKO
tomo, ypnowomnomcape DT40 wdtrapa (B-Aeppokvttapa omd KOTOTOLAO).
Yvykekpyéva, ypnoorombnkay aypiov tomov DT40 kdtrapa (WT), DT40 ota
onoia €xel amarewpOet yevetucd n Chkl (Chkl-/-), Chkl-/- kdttapa oto omoio £xet
yiver Eava évBeom tov yovidiov mov kwowomotel Yo tv Chkl (Rev) v Chkl-/-
KOTTOpO oto. omoio €xel yiver €vBeom evdg yovidiov mov Kwowomolel yio pio
petoAraypuévn popoen e Chkl tov atmvav pe petaAlayuévo to aomaptikd oo 130
oe ohavivn (D130A, kinase dead cells-KD), (Ewoéva 9I'). Ta Chkl-/- 7 ta KD
KOTTopa  eueoviCouy  avEnuévo mOcOoTO  OVAPACEDV UE  YPOUOCHOUATO  TOL
kabvotepotv (30,3% xor 33,8% avtictoya oe oxéon pe ta WT (7,6%) 1 ta Rev
(12,5%), (Ewéva 9A,B). Emiong, ta Chkl-/- xottapa mapovcidlovv peyoridtepo
TOGOGTO OVaPAcE®V e PePOTEMKES TTPOGdEaels (22,5%) oe oyéom pe ta WT (1,3%)
kot ta Rev (3,8%), (Ewdva 9A). Avtd ta anoteAéopata deiyvouv OTL 1 evepydTnTa
g Chkl eivon amapaitnt yuoo ™ peEl®ON TOV OVOQACEDOV UE YPOUOCHUNTO TOV

KaBvoTeEPOHV Kol LEPOTEMKES TPOGOEGELS GE KVTTAPO GTTOVIVAMTMV.
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B DT40 cells
u-tubulin lagging chromatin
p<0.001 p<0.001
¥ p<0.001 vy v
? 40 2 n=200
$o ' 2=300
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& E 20
Chk1 _{_ g E _ n=280 |
- n=287 7
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g /
< ) _- , _ _ )
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\;‘
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Chk1l _] — .
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Actin = e = G -
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Ewéva 9: Ta Chkl-/- kiTT0p0 TAPOVGLALOVY AVAPAGELS NE YPOROCAUATA TOV KAOVLOTEPOUV KL
pepotelkég mpocoéceic. (A) Iapadeiypoto avapdoemv oto aypiov tomov (WT), ota Chkl -/-, ota
kinase-dead (KD) kot ota Revertant (Rev) DT40 xvtrapa. Ilpdoivo: a-tubulin, pmie: DNA. (B)
SoyvOTTeS aVOQACE®Y UE YPOUOCOMHOTO TOv Kabvotepovv oto. DT40 kottapa. TovAdyictov 80

avapacelg avaivdnkoy amd 3 aveEdpnra Telpdpata. n= o apldpdc TOV avaeace®y Tov peAeTnOnKay
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(I') Avéwon Western blot ¢ ohkrg Chkl1 ¥ axtivng ota wild-type (WT), Chk1™, kinase-dead (KD)
7 revertant (Rev) DT40 kotropa. (A) Mapddetypa avapaone oto DT40 khttapa. Lta Chkl” khttapa,
€vag  adEMPOG KIVITOXMDPOG GLVOEETAL UE IKPOSMANVIGKOVG amtd Toug 600 TOAOLS TNG ATPAKTOL.
[pdowo: CENP-O, koxkkwo: a-tubulin, prie: DNA. Ta ypopocopato mov dgv €govv doywpiotel

eatvovtar pe Béroc. Ta évBeta detyvouv peyeBoupévoug kivntoydpovg. Scale bars: 5 pM.

3.3 IIpooowopiopoc pe KOTTOPONETPio PONS TOV XPOVOV ££000V TMV

KUTTAPOV amté TN piTOG1 6€ KUTTOpO otapatuévae pe MG-132

[Tpoxeywévov va peletioovpe 10 porlo g Chkl oty emdopbwon tov
HUEPOTEMKDV TPOCOECEWV, CTOLOTICOUE TO. KOTTOPO OTI HETAPOCT Ylo. 3 MPEC He
YPNON TOL AVAGTOAEN TOV TPOTEACOUATOC MG-132 mpoKkelévov va 0OGOVUE YPOVO
ota KOTTapa vo emdtopfdcovy T Aaviacspéveg tpocsdécel (Cimini et al., 2003). Mg
xpnon tov avactoréo MG-132 emtuyydveton mopdtaon g HeETAPOoNS AdY®
OVOOTOANG Oldomaong Twv cohesins (TPOTEIVEG TOL GLYKPATOOLV TIG OOEAPEC
YPOUATIOES GUVOESEUEVES LETAED TOVS) KOl TOPEUTOSIONG TNG OTOIKOSOUNCNG TNG
Cyclin B. Metd v mdpodo tov 3 opodv, ta kbtropo EemAvdnkov 3 @opég ue
npofeppoacpévo PBS kot ameievBepdbnkov ce @péoko Opemtikd vAkd Yo
KOATAAANAO YPOVIKO SIACTNHO HEXPL VO TEPACOVY OO TN UETAPOCT GTNV OVAPAOT).
[Tpokeévov va mpoodopicovpe v okpPn YPOVIKN oTiyu | Kotd v omoia To
KOtTopa PByaivovv amd 1t pitwon, ypnoyoromcaue KuttapopeTpia pong (Ewova
10). Zvykekpéva, tor KOTTOPA HOVIHOTOMONKaV G€ d1dPopa YPOVIKA OLOGTHOTO
HETd TNV amedevBépmon oe PpEcko Opemtikd LVAIKO Kol BATnKay e avTicouo EvavTtt
™mg eooeopvMopévng oepivng 10 ™g 10tovng 3 (MTOTIKOG O&ikTNG) Kot LE
Propidium lodide (mepieydpevo DNA) kot mpocdiopiotnke o apBudc towv pH3-
Betikov kvttdpov (Zachos et al., 2005). Meiwon tov mococtod twv pH3-Oetikdv
Kuttdpov ovpuPadilel pe Evapén g avaeaong Kot OAOKANP®GON NG KVLTTOUPIKNG
dwaipeong (Ewodva 11). O cuykekpyévog xpovos xpnotonomdnke otn cuvExelo yuo
TEPALATO TPOGIOPIGHOD TOV TOCOGTOV OVOPACEDV IE UEPOTEAKES TPOCOEGELS KL

YPOLOCOUOATO TOV KOOLGTEPOLV.
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Release from MG-132 in DT40 cells

\
% N f # g = #
105 min 120 niin 135 min 150 min 165 min 180 min
Propidhmn Iodide

Ewéva 10: Moapaderypa avérvong pe kvrrapopetpio porg @opiopod o omoiog oyerileTar pe ™
onopopviopévny ogpivn 10 ¢ wtévng 3 (pH3) ko to mepreydopevo tov DNA (Propidium
Iodide) og aypiov tomov kvtrapa DT40. Méca 610 opboydvio mepikieiovtal Ta ITOTIKE KOTTAPOL.

Yta 150 Aentd apyilet va peidvetot o TANOLGUOS TOV TOTIKOV KUTTAP®V.

A r
BE Chkl-/-
~— 3,:’ —
£ 3 £
£ i
2
% 1
0 g
0
0 950 105 120 135 150 165 180
0h 3h 35h
min min min min min min min min Release MG-132
Release fraom MG-132
B
DT40
10

8 DT40

pH3 posttive (%)

105 120 135 150 165 1%0
min min min min min min

Rcleasc from MC-132

Ewovo 11: Avaivon ptotikov dgiktn og kvttapa BE (A), aypiov Tvmov DT40 (B) ko Chkl-/-
@). (A) Metd and 135 hentd anerevBépwong and MG-132, ta BE kittopa Byaivouv and ) pitwon
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(Béhog). (B) Metd amd 150 Aemtd amelevbépmong amd MG-132, o DT40 kottopa Pyaivovv and
pitoon (Bérog). (I') Metd and 3,5 dpeg amerevbipmong and MG-132, ta Chkl-/- kbtrapa fyaivovv
amo 1 pitoon (BErog).

34 H Chkl omorteiton Yo €mowopldoon TOV HEPOTEMKOV

TPOGOECEMV GE KUTTUPU GCTUNRATNUEVO GTI| NETAPUON)

[Tpokewévov va peretoovpe to poho ¢ Chkl oty emdopbwon tov
LEePOTEMKMOV Tpocdécewv, control 1) kuTtapa pe petopévn Chkl erwdotnkav pe MG-
132 yio 3 opeg wor petd oamd oameAevBépwon, eEeTdoTNKAV LE OCULVEGTIOKT|
UIKPOOKOTiO, ONWG TEPLYPAPNKE OTINV  TPONYOVUEVN TOoPAypago. Xt control
KOTTOpO, TOPATACT, NG METAQOONG O00NyNoe o€ pelmon Tov TOGoGTOD TV
avapdoenv pe pepotelkég mpocdéaels (0,6%), (Ewkdva 12A) kot xpm®UOCOUOTO TOV
kaBvotepov (0,6%), (Ewdva 12I') oe oyéon pe xdTTopo mov pmoaivovv otnv
avaoeaon yopic MG-132 (3,9% xar 5,7% avtictoyya), (p<0,001), (Ewova 12A).
Avtifeta, ota koutTopa pe pewwpévn Chkl mapdtaon g petdoaong e endaon e
MGI132 dev odnynoe o€ HeI®ON TOLV TOGOCTOL TWV OVOUPACEDV HE HEPOTEAIKES
nmpocdéoelg (17,2%), (Ewdva 12A) 1 ypopocodpoto mov kabvotepovv (20,3%),
(Ewova 121") oe oyéon pe to KOTTOPO TOV UTaivovy otV avagacn yopic MG132
(13,3% kot 16,3% avtictoryo).

Eniong, enwaon tov DT40 xvttdpov pe MG-132 mpokdiece peioon tov
TOCOGTOD TMOV OVOPACE®V UE YpOHOcOUaTo oL Kabvotepovv ota WT kdtropa
(1%) oe oxéon pe ta WT wdtrapa yopic MG-132 (6,7%), aird oyt ota Chkl-/-
KOttapa oe oxéon pe ta Chkl-/- wdtrapa yopic MG-132 (32,8% kot 28,8%
avtiotoya), (Ewova 12B). Ta amoteléopato avtd mpoteivouv O6tt 1 Chkl eivon

amopoitnTn Yo TNV EMOOPO®oN TOV LEPOTEAKADV TPOGOEGEMY TPV TNV AVAPACT).
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A r
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Ewéva 12: (A, B, I') H Chkl omorreitor Yo emdépOwon TV pepoteMKAOV TPOGOECEMV 68
KOTTOpPO 7oL £Yovv KaBLoTEPNGEL 6T NETAPUON. ZVYVOTNTEC OVOPACE®V HE HEPOTEAIKEG
npocdéaelg (A) N ypopooopate wov kabvotepodv (B, I') oe kdttapa BE (A, T') 1 DT40 (B). Ta
KOTTOpa avoAOOnKov oty avaeacn omovcsio tov eoppakov MGI32 (-MG132) v petd and
anelevBépmon TV KLTTdpV amd tpimpn endaocn pe MG132 (+MG132). Tovidystov 50 (A), 80 (B)
1 90 (I) avaedocelg avorlvdnkav yo to kobéva and 3 aveEdptnra mepdpota. n= o apBpog Tov
avoedoeov mov pekethOnkav. Ta error bars deiyvouv tn otabepn andkiion (standard deviation) tov

péoov amd 3 ave&aptnTa TEPAUATO.
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3.5 Avoaotorm] 1t Chkl oonyei otn onuovpyio otadepov

HIKPOSOANVIGK®OV KIVIITOY D POV

AvEnpévn otabepdrTo TOV KPOCOANVIOK®Y oyeTileTon pe avénuévn
ovyvotTe pepoteMK®V Tpocdeécemv (Bakhoum et al., 2009; Cimini et al., 2006).
Kvttapa BE otapammuéva ot petdpaon pe MG-132 v 3 dpeg, enmwdotnKay pe
UCN-01 kot vyniéc 06celc nocodazole, to omoio oamomoAvpepiler TOLG
pikpoowAnviokovg, ywoo 0-10 Aemtd. Xto 0 Aemtd mwopaTnpPOVUE OCYNUATIGUEVN
dtpokto 1060 6ta control KVTTOPA OGO KOl 6TO KOTTAPO LETE amtd emmoot pe UCN-
01 evd mn éviaon 1oV @OOPIGHOD 7OV TPOKVLATEL OO TOVG UIKPOSMOANVIGKOVG
Kavovikomomnke oto 2 AEnTd MOTE Vo £(OVV OTOTOAVUEPIOTEL Ol TEPIGGOTEPOL
HUIKPOCOANVIOKOL 7OV OEV  MPOGOEVOVTOL GTOVG  KIVNTOXMPOLS (0oTpikol Kot
emucdioyng, Ewcova 13B).

¥ta control «UttOpa, endaon pe nocodazole odMynoe oe  tayd
OMOTOAVUEPIGHO TV UIKpoowAnvickowv (to  60% TV  UIKPOCOANVIGK®V
amomoAVIEPIOTNKE UETA amd emmaot 4 Aentd o6to nocodazole) evd mopatnprOnke
KaBLGTEPNOT GTOV AMOTOAVUEPICUO TMV UIKPOCOANVICK®OV UETE OO ENOACY| LE
nocodazole ka1t UCN-01 og oyéon pe ta control, vmodeikvioviag otabepoic
pikposoAnviokovg (Ewova 13A). Avtd ta amotedéopata deiyvouv OtL | evepyodTnTo

g Chk1 amotteiton yo va £xovpe SuVAUIKODS LKPOGMOANVIGKOLS KIVIITOXDPMV.
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A BE cells
Fluorescence of spindle microtubules

— B control O UCN-D1
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Ewoéva 13: (A, B) Avaotor] ™ Chkl peidver v gvoiocdncioc TOvV HIKPOSGOANVICKOV TOV
Kivntoydpmv 6to nocodazole. Kvttapa BE enwdomkov pe MG132 yuwo 3 dpeg amovaia (control) 1
napovoio UCN-01 kot ektébnkav o vyniég cuykevipmdoelg nocodazole. Ot evtdoeig Tov eBopiopod
OV TPOKVTTOVV OO TOVG HIKPOCOANVIoKOVG Kovovikomowdnkav ota 2 Aentd. TovAdywstov 10

KOTTOpO ovaAOONKaY Yo kKaOe ypovikn oTiypn. Ot Tég mapltotdvouy o péco 6po +=SD.
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4. Amoteléopoto: MELETN TOV EVTOMIGUOV TMV KIVEGIVEOV

MCAK ko Kif2b ko1 5 p@c@opvrimonc e Hecl

4.1 H Chkl givor amapaitnty yw tov gvromiopd tg MCAK ota

KEVTPOUEPT] KL TOVS KIVITOYMDPOVG

O xwveosiveg MCAK ko Kif2b amootabepomolovv pikposmAnvickovg twv
KvNToyopov otav vmdpyovv Aavlacuéves mpocodécels (Bakhoum et al., 2009).
[Tpokeévov va gpegvvnoovpe 10 porlo ¢ Chkl otov gviomiopd g Kvesivig
MCAK, «xbOttapa BE empolovOnkav mapodikd pe mAocuioto mov kmotkomolel yio
vPpKn mpoteivn MCAK:GFP kot perembnke o eviomiopog g MCAK:GFP og
control kVTTOpA 1 KOTTOPO LETE ATd TOVTOYXPOVT empdAvVon pe siRNA gvavtiov tng
Chkl. Zta control wOttapa oty mpopetdeacn, n MCAK:GFP evromileton
euooroyikd ota kevipopepn pali pe 1 CENP-B, mpoteivn tov kevipopepov
(Ewova 14A). Meiwon g éxepaong g Chkl odnyel oe peimon Tov eviomopov e
MCAK:GFP octa kevtpopept| otnv npopetaeoot Kotd 78% oe oyxéon pe to controls
(p<0,001). Q¢ Betikd control, emmdaon TOV KLTTAPpOV pE avactoAén TG Aurora-B
(VX-680) mpoxdreoe peiwon tov gvtomiopov e MCAK:GFP katd 91% oe oyxéon
ue ta controls (p<0,001).

>ta control kOtTapa ot petdpoon, 1 MCAK:GFP gvtoniletor pucioloyikd
otovg Kwvnroympovg eEmtepikd g CENP-B. Meiwon g éxepaong g Chkl
npokaAece peimon tov gviomcpov g MCAK:GFP katd 86% otovg Kivntoympoug
ot peTaQaocmn o€ oyéon pe to controls (p<0,001), (Ewova 14B). Amnd 10
aroteAéopata avtd mpokvmtel 6t | Chkl eivor amapoaitntn v Tov EVTOMIGUO NG
MCAK oto KeEVTpOUEPT) KOl GTOLG KIWVNTOYXMPOLG KOTE TNV TPOUETAPOCT KoL

LETAPOOT OTOVGIN PAPUAK®V TNG WMTOTIKNG ATPAKTOV.
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A BE control (142, 6) 1.01%0.15
MCAK:GFP MCAK:GFP
- x '-_' - {.- -~ .
b 4% et o
s s P, Sl
(.
BE siChkl (218, 12) 0.22 % 0.20
BE + VX (177, 6) 0.09 £ 0.04
B BE control (90, 6) 1.0210.13

BE siChkl (156, 12) 0.1410.13
MCAK:GFP

O
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Ewéva 14: H Chkl omortreitan Yo 1ov gvromopd tng MCAK:GFP ota kevipopepn Kor Tovg
Kivntoyopovs. (A, B) Evtomopog g MCAK oty mpopetdapacn (A) kot otn petdeoon (B). BE
kottapa mov ekppalovv v MCAK:GFP empolovinkav pe apvntkd siRNA (control) 1} siRNA
gvavtiov g Chkl (siChkl) 1 emwdotrkov pe VX680 vy 3 dpeg. [Ipdowo: MCAK:GFP, kdkkivo:
CENP-B, umie: DNA. Ot tég péoa otig mopevBéoelg deiyvouv tov aplfpd tov Kivntoydpov Tov
petpnOnkov Kot tov apdpd TV Kuttdpov mov avoivdnkay. Ot Tipéc péoa ota Kovtid delyvouv to
péco 6po tov ehopiopol mov npokvmtel and to Adyo GFP/CENP-B. Ta évleta deiyvouv peyebopévoug

Kivnrtoydpovg. Scale bars: 5 M.

4.2 H Chkl egivor amapaitntn ywe tov gvromopo ts Kif2b otovg

KV TOY D POVG

H «xweoivn Kif2b evtomiletor @uo0A0yKd GTNV  TPOUETAPACT GTOVG
KWW TOYMPOLG, GTOVS TOAOVG TNG UITMOTIKNG ATPAKTOL KOl GTOVG UIKPOGMANVIGKOLG
(Bakhoum et al., 2009). IIpoxewywévov va gpevvnoovpe 10 poéro tg Chkl otov
evtomopo g Kwvesivng Kif2b, kottapa BE emipoidvOnkav mopodikd pe mAacuiolo
nov Kodkonotel yio vPpdkn mpwteivny Kif2b:GFP kot pelembnke o eviomiopds g
Kif2b:GFP ¢ control kdttapa 1 kOTtopo petd omd Tautdxpovn emUOALVON LE
siRNA evavrtiov ¢ Chkl.

>ta control xvttapa m Kif2b evromileton kavovikd ©TOVG KIvnTOXMPOLS
eEotepikad g CENP-B. Meiowon g ékppaong tg Chkl mpoxdiece peimon otov
evtomopd ¢ Kif2b:GFP otoug xivntoxdpovg oty mpopetdpacn katd 81% oe
oxéon pe ta controls (p<0,001), (Ewova 15A). Qg Betwcd control, emwoon twv
Kuttdpov pe VX-680 mpokdiece peiwon tov evtomopov g Kif2b:GFP otoug
Kinroxopovg katd 94% (p<0,001). Qotdc0, T cuvorkd eminedo twov MCAK:GFP
kot Kif2b:GFP dgv ennpedomkav and ™ peioon g ékppaong ¢ Chkl (Ewodva
15B). An6 1o amoteréopata avtd mpokvmtel 6Tt | Chkl elvan amoapaitnt ywo tov
evromiopd ¢ Kif2b otovg kivnroydpovg Katd tn ptmorn omovsios QopuiKm®y TG

HLTOTIKNG OTPAKTOL.
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A

BE control

BE siChk1

(286, 15) | 0.9910.13 |

(196, 12)

0.06 % 0.03

BE cells
MCAK:GFP Kif2h:GFP

+

control

siChk1 +

GFP =i

=140 kDa

100 kDa

Chk1 ==

=50 kDa

actin ==

=40 kDa

Ewoéva 15: H Chkl amorreiton ywa tov egvromonéd g Kif2b:GFP otovg kivntoydpovs. (A)
Evtomopédg g Kif2b oty npopetdeoacn. BE kottapa mov exopdlovv v Kif2b:GFP gmypoidvOnkav
pe apvntkd siRNA (control) 1 siRNA evavtiov g Chkl (siChkl) i enwdotkav pe VX680 ya 3
opeg. [paowo: Kif2b:GFP, koxkwvo: CENP-B, umke: DNA. Ot tyég péoa otig mapevBécelg deiyvouv

Tov aplipd TV Kivntoy®@pov mov petpndnkay kot Tov apBpd tov Kuttdpov mov avaAdinkav. Ot
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TIWES LEGO 6TO KOVTIG SelyvouV TO HEGO 0po Tov PBopicuod mov Tpokvatel amd to Aoyo GFP/CENP-
B. Ta évBeta deiyvouv peyebopévoug kivnroydpovg. (B) Avaivon Western blot tng odkng GFP, Chkl
kot aktivng og kottopo BE mov ekppalovv MCAK:GFP 1 Kif2b:GFP «t £yovv empoloviei 6mmg oto
A. Scale bars: 5 M.

4.3 H Chkl givor amapaitnty ywo ™ ¢oc@opvrioon s Hecl ot

ogpivn 55 ko ogpivn 44 KOTE TV TPOPETAPAGT] KOL TN HETAPUGT]

dwoepopvriioon g Hecl ot ogpivn 55 ko ot oepivn 44 anoctabepomotel
TIC TPOGOECELS TOV UKPOSOANVIoK®V oTovg Kivntoy®povg (DeLuca et al., 2011).
[Tpokewévov va peretoovpe 10 pého g Chkl ot ¢owopopviimon g Hecl,
kOttopa BE control kot xOttapa BE pe pewwpévn Chkl povipomombnkav ko
Baomrov pe KATAAANAC POGEOOVTIGOUATO EVAVTL TNG POGPOPLMOUEVIG GEPIVIG
55 kon ogpivng 44 g Hecl kon pedetOnkav pe cvvestiokn pukpocskomio. Kottapa
BE control otv mpopetdoaocn Exovv  ooc@opvAlopévn  ogpiviy 55 otovug
KIVNTOY®MPOLG KOl OVTH 1] POGPOPLAINGCT] HEIOVETOL HETE 0md peimon TG EKPPOCNS
¢ Chkl M petd and avoactoAn g Aurora-B pe VX-680 xatd 81% wor 84%
avtiotorya o€ oyéon ue ta controls (p<0,001), (Ewoveg 16A,18A). Eniong, control
KOTTOPO GTN HETAPOCT] TAPOLGIALOVY UEIWUEVT POGPOPLAIDGT 6T ogpivn 55 GTOoVG
KIVNToY®povg Katd 55% oe oyéon pe control kdttapa oty mpopetdpacn (p<0,001),
(Ewoveg 16B,18A). Meiwon ¢ ékppaong g Chkl mpokadel mepartépm peimon g
QeoPopLAimong ot oepivn 55 katd 71% ot petdoaocn oe oxéon pe to controls
(p<0,001).

EmunpocOétoc, xottapa pe petwpévn Chkl 1 kottopa petd and enmoon pe
VX-680 omv mpopetdpacn eueaviCouv HEIOUEVN GOOQOPLAIwoN otn ogpivn 44
otV popetdpact kotd 86% kar 89% avrtictorya oe oyéon e ta controls (p<0,001),
(Ewoveg 17A,18B). Ztn petdeacn, n ¢oc@opviioon ot ogpivn 44 elvar moAd
YounAd ota controls kot ota kOtropa pe peiwpévn Chkl, mbavag 616t Exovv 1oM
dNuovpynBet o1 mPocdécelg TV UIKPOoANVIcK®V 6tovg Kivntoy®povg (DeLuca et
al., 2011) (Ewéva 17B). Xvumepacpatikd, m Chkl amouteiton yioo BEATIO
ewopopvAioon g Hecl ot oepivn 44 kar otn ogpivn 55 xotd v mpopeTapoaon

KOl LETAPOOT OTOLGIN POPUAK®V TNG UITOTIKNG ATPAKTOV.
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BE control (370,13) | 1.06 £0.13

BE +VX (111,6) | 0.1710.07

= BE control (236,10) | 0.48:t0.07
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Ewéva 16: H Chkl amorteitan yia Béhtiotn ooopopvrioon tg Heel otn oepivny 55 . (A, B)
Ddocpopvrioon g Hecl ot oepivn 55 og kdtrapa oty npopetaeact (A) kot otn petdpacn (B).
BE wottopa emiporovnkay pe apvntikd siRNA (control) 1 siRNA evovtiov g Chkl (siChkl) 7
enodacnkav pe VX680 yia 3 dpes. [Ipdowo: pS55, kokkvo: Hecl, pmie: DNA. Ot tipéc péoa otig
mapevBEcelg delyvouv Tov aplipd TV KnTox®p®v mov HeTpHinkay Kot Tov oplipd Tmv KuTtipmv
ov avoAvdnkav. Ot TipéG péca ota Koutid detyvovv to pHéco dpo tov POopPIGLOY TOL TPOKVTTEL O

T0 A0y0 pS55/Hecl. Ta évbeta deiyvouv peyebupévoug kivntoxmpoug. Scale bars: 5 uM.
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A

BE control (130,6) | 1.0310.12

Ewovo 17: H Chkl amarteitor yro Bértiorn ooocpopvrioon tg Hecl ot ogpivny 44. (A, B)
Docpopvrioon g Hecl omn oepivn 44 oe kOttapa oty npopetaeaot (A) kot ot petdgacn (B).
BE «k0ttopo emporvvinkov pe apvntikd siRNA (control) i siRNA evavtiov g Chkl (siChkl) 7
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enodocmkav pe VX680 yia 3 dpeg. [lpdowo: pS44, kokkvo: Hecl, pmhe: DNA. Ot tipég péoo otig
mapeviEcelg delyvouv Tov aplBpd TOV KvNTOX®P®V OV UETPHONKAY KOl TOV 0plOpd TV KLTTUp®V
mov ovaAbOnKav. Ot Tipég pésa oTo KovuTid delyvouv To HEGO Opo Tov POOPIGHOD TOV TPOKVTTEL OO

t0 AO0yo pS44/Hecl. Ta évBeta deiyvouv peyeBopévoug kivntoxmpovug. Scale bars: 5 M.

A BE cells
phospho-S55
Il control [ siChkil
p<0.001

1.4
gl Y _¥p<00m1  peo0m
- . ]
1

p<0.001

0.8

0.6

1
0.4 '_‘_‘
0.2 - T - T
Nl BN 2

prometaph metaphase VX680

pS55/ Heel

B BE cells

phospho-S44
Il control [] siChkl

0.01
1.4 p=

2]l &3 po01
] ; 1

1

0.8 -

0.61

pS44/ Hecl

0.4 1
0.2

o b

prometaph metaphase VX680

Ewova 18: Avactoin] tng Chkl peiover T goc@opvrioon oty oepivny 55 ko 44 g Hecl. (A,
B) Méococ 6pog tov Adyov pS55/Hecl (A) n pS44/Hecl (B) g évtaong ¢bopiopod otnv
npopeTaeaon (prometaph) kot otn petdgaon (metaphase) oe kOttapo petd omd empudivvon pe
apvntikd siRNA (control) 1 siRNA evavtiov tng Chkl (siChkl1) 9 petd amd endaon pe VX680 yio 3

mpeg. Ta error bars deiyvovv ) otabepn amdkiion (standard deviation) omd ) péomn Tun.
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5. Amoteréopata: Poocopviioon oty oegpivy 331 eivan

OTOPOITTY Y10 TNV EVEPYOTTOiNON TNG Aurora-B

5.1 H Chkl pmwo@opviw@ver Tijv Aurora-B ot ogpivny 331

[Ipoécpata deitape 6tL 1 Chkl powcpopviimdvel v Aurora-B ot cepivn 331
napovcio TaEoAng (Petsalaki et al., 2011). H powocpopvliwpévn oepivny 331 (pS331)
ovvevtomiletan pe ™ CENP-A kot ) Hecl otoug Kivntoy®povg 6Ttnv TpopeTapoo
Kol ot petdpoon oe control kutrapa. [Tosotwonoinon tov Adyov pS331/Hecl kot
pS331/CENP-A g évtaong tov pBopiopod g pS331 otovg kivnroymdpovg £0e1Ee
o peioon katd 57% kot 53% oavtictoyyo oty €viaon NG QOGPOPLAIMUEVNG
oepivng 331 amd v mpopetdpaon ot petdoaon (Ewova 19B). Meiwon g
éxppoaong g Chkl mpoxadel peimon g eoopopviioong ot ogpivn 331 katd 91%
OTNV TPOUETAPUOT) Kot katd 94% o1t petdoaon oe oxéon pe ta controls (p<0,001),
(Ewova 19), wotdéco dev mpokadel pelwon TG CLVOAKNG TOGOTNTOG TG Aurora-B
ota kevtpopepn (p=0,76), (Ewova 20). Zvunepacpatikd, n Chkl givor arapaitn
Yo T Qoo@opvAimon g oepivng 331 koTd TNV TPOUETAPOOT KOl UETAPAOM

OmOVGI0 LITOTIKOV QOPUAKOV.
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1.15 £ 052

BE siChk1 0.10 £ 0.07
pS331

1.09 £ 0.08

0.51 £0.07
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Ewova 19: (A, B) Evromopdég g poo@opviiopévng Aurora-B otn ogpivy 331. (A) Evtomopdg
mg eoopopvMmpévng Aurora-B otn oepivn 331 og kdtTapa control kot kotTapa pe petwpévn Chkl
(siChkl) otmv mpopetdeoaon. (B) Evromopdc g eoceopviiopévng Aurora-B ot oepivn 331oe
kOttapa control kan kuttapa pe petopévn Chkl (siChkl) omv mpopetdpaon kot petaeaon. [Ipdovo:
pS331, koékkivo: CENP-A, pumie: DNA. Ot tipég péoa otig mapevBéoelg delyvovv tov aplfpd tmv
Kivntoydpmv mov petpnidnkov kat tov apud tov kuttdpov mov avaiddnkav. Ot Tyég péoa ota
KovTid delyvouv 0 HEGO Opo Tov PBopiopoL Tov TpokvTTeL amd o Adyo pS331/CENP-A. Ta évheta

deiyvouv peyebopévoug kivnroydpovg. Scale bars: 5 uM.

BE control 1.10+0.16

Aurora-B Aurora-B

BE siChkl 1.14 +0.25

Aurora-B

Ewéva 20: Evromopos tng Aurora-B og xvrrapa control kou kdtrapo pe pewopévny Chkl
(siChk1l) ot peragoon. Ilpdowvo: Aurora-B, koxkivo: CENP-A, punie: DNA. Ot tyég péoa ota
KouTld dgiyvouv t0 péEco Opo Tov PBopiorod MOV TPoKVTTEL G T0 Adyo Aurora-B/CENP-A. Ta

évBeta delyvouv peyeBopéva kevipopepn. Scale bars: 5 M.
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5.2 Anpuovpylo KOTTOPIKOV GEPOV TOV EKQOPALovV TN peTaALaypRévVN

Aurora B ot ogpivn 331 o€ aravivny 1] YLOUTOPIKO 05D

[Tpoxeyévov vo LEAETHGOVUE TN ONUACIA TS POGPEOPLAIMONG TN Gepivn
331, dnmovpynoape kottapa CHO ta onoia ekppalovv t onpacpévn pe 6X-Myc
aypiov tomov Aurora-B (CHO™"), ™ petadhaypévn Aurora-B ot oepivn 331 oe
oravivy (CHO?'™), 1 onoio Sev pmopet va pmopopviwbdei ot Oéon avti 1 ™
petadhaypévn Aurora-B ot oepivi 331 oe yhovtopkd o6 (CHO®?'®), n onoia
ppeitar ™ ovvex®dg EOoEopLA®uEVN cepivn 331 Vo tov €Aeyy0 €vOG LIOKIVNTY
nov gmdryetan pe TeTpakvkAivn. IIpocHnin tetpakvkiivig 610 Bpenticd péco yo 8-24
wpeg odnyel oe cvoowpevon twv 6X-Myc Aurora-B ce emimeda mapopola petald
Tovg ko tepimov 10 popéc vynAdtepa oe oyéon pe v evooyevy Aurora-B (Ewova
21A,B). Tétow emimeda vrepékppaomng OBempeitar 6Tt kKaAvmTovy TN dpdon g
€VO0YEVONC TPOTEIVIG YOPIg VO TPOKOAOVV AAON GTOV EVTOMIGUO TNG UETAAAAYHEVNG
npoteivng mov vrepekppdletor (Ditchfield et al., 2003a) Metd and esmaymyn e
TETPAKLKAIVY, Ol TpwTeiveg 6X-Myc Aurora-B"", 6X-Myc Aurora-B¥' ko 6X-
Myc Aurora-B5#'F evToTilovTa GTO KEVIPOUEPT] KOTA TN OBPKELN TNG PUGLOAOYIKNG
TpoueTdpacong o€ OAa Ta KOTTapa mov eEgtaotnkay (Petsalaki et al., 2011).

Enwmhéov, peketifnke 1 evepyotnta kvdong oto kottapa CHOVY, CHO®*'A
ko CHOP'™ pie Sokyacio kvéong pe avocokatakpruvion mapovsio 1| omovsia
nocodazole. Xvykekpyévo avocokatakpnuviotnke n 6X-MycAurora-B pe avticopa
EVOVTL TOV MYC Kol TPOYUATOTOMONKE OOKIHOGIO KIVAONG YPTCLULOTOUDVTOS G
vnoéotpope ™ oepivn 10 g wtovng 3. H evepydmra g 6X-Myc Aurora-B
neodnke ota CHO®?'"  wottopa xatd 70% oe oyéon pe ta CHOY', CHO®?'®
(Ewova 21T). Ta armoteléopata avtd deiyvouv 6t 11 poospopviimon otr oegpivn 331

etvar amapaitn ywo ™ BEATIOTN KataAvTikn evepydtnta ¢ Aurora-B kvaonc.
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A CHO cells
WT S331A S331K
Tetracycline -~ + - * - F

Myc

actin

Myc/actin 0.0 05 0.0 05 00 05

B CHOWT

hrs in Tetracycline 0

Myc 50 kDa
endogenous
Aurora-B 35 kDa

actin

kinase assay (IP:Myc)
CHOYT CHOE CHO%314
nocod - F - F -t
Myc:AurB
pIl3
H3
Relative

pH3/H3 1 33 09 35 03 09
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Ewéva 21: ®ocgopuvrioon 6ty oepivny 331 amarteiton yro TApn evepyomoinen s Aurora-B.
(A) Avalvon Western blot g 6myc-Aurora-B (myc) kon axtivng og kottapa CHOY', CHO®*'* ko
CHO®*'® gt amd emoymyn pe tetpakvkhivi. (B) Avéivon Western blot tng 6myc-Aurora-B (myc)
Kkon aktivig og kottapa CHOY', CHO®*'* xan CHO®*'® pgtd omd emoymyh pe tetpavkhivn og oyéon
pe v evdoyevi Aurora-B (I') Aoxwacio kivdong petd and avocsokatakpiuvion (IP-kinase assay).
Kotropa CHOYT, CHO®**' xor CHO®*'® enmbotray HE TETPOKLKALVY Kot éuetvav untreated (un) 1

enwaotkav pe nocodazole (nocod) ywo 6 dpec.

6. Amoteréopata: O porog TS POGPOPVAIMGTS 0T GEPiIvN
331 otV APOIAYN TOV HEPOTEAMKAOV TPOGOEGEMV KOl TOV

APOUOCOUATOV TOV KOOVGTEPOVV

6.1 H googopvrioon otn oepivn 331 mpootatevel amd PeEPOTEMKES

TPOGOECELS KUL YPOUOCONATA TOV KAOVGTEPOVV

o va pelemoovpe 10 polo ™S eoceopvAmong ot oepivn 331 oy
TPOANYT UEPOTEAIKDV TPOGOECEDV KOl YPOUOCOUATOV 7oV kaBvuotepodlv otV
avagaon, kotrapa CHOY', CHO®**' xar CHO®*' enwdomrav pe tetpokvrhivn
yio 16 opeg, povipomomOnkav kot PBAeTnKov HE KATGAANAO OVIICOUOTO KOl
peAetOnkav omv avaeaocrn e YPNON GCLVESTIOKNG Hikpookoming. Metd amd

enayoyy pe tetpakvkhivy, 67/300 (22,3%) tev CHOSH'A

KUTTAp®V gpeavitovv
OVOQAOELS PE PEPOTEMKES TPOGBEGELS oE oyéon pe 3/300 (1%) ot CHOV! wottopa
kat 1/155 (0,6%) ota CHO®*'F (p<0,001), (Ewova 22A, T).

Emiong, 109/300 (36,3%) tov CHOS*' wuttdpav eppavilovy avapdoels pe
YPOUOG®UOTH TOL KabvoTepoV oe oxéon pe 17/300 (5,7%) tov CHO' kvttépov
kot 5/155 (3,2%) tov CHO®**'F (p<0,001), (Ewcova 22B, A). Avtd ta amoteléopota
delyvouv OTL 1 QOOEOPLAIWGN OTN OgPiviy TPOCTATEVEL OMO AVAPACES LE

LLEPOTEAMKES TPOGOEGELG KL YPWOUOCMUATO TTOV KOOVGTEPOVV.
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Ewéva 22: H éxppaocn g Aurora-B S331A odnyei 6g a0Enon T00 T0G0GTOV TOV PEPOTEMKDV
TPOGOIECEMY KUl TOV YPOUOCOUATOV TOV KaOveTEPovY. (A) [Topddetypo avaeaong He HEPOTEAMKN

031 whrrapa petd amd emayoyy pe tetpokvihiv). ‘Evag adedpog Kivntoxdpog

npododeon ota CH
ouvdéetal pe LIKPOowANViokovg and tovg Vo molovg g atpdktov. IIpdovo: a-tubulin, kdkkivo:
CENP-B, pmie: DNA. Ta évbeta deiyvouv peyeBopévovg kivnroympovg. Scale bars: 5 puM. (B)

Xpopooopato mov kabvotepovv. Kottapa CHOV' war CHOS#'™

eaivovtor oty avaeacn. Ta
xpopocopata Tov kabvotepodv gaivovrat pe BéAN. Kokkivo: CENP-B, umie: DNA. (I') Xvyvdtreg
avapaceny pe pepPoTeMKES mpoodéaels. TovAdyiotov 50 avaedoelg ava meipoapaovorlvdnkay and 3
ave&apmra mewpapata. Ta error bars delyvouv T otabepn amdkAion (standard deviation) tov pécov
amd 3 aveEaptnta mEWPAROTH. n= 0 PO TOV AVOEACE®Y OV peAeTHONKay. (A) Zvyvotnteg
avaQAceV pe ypopocopata tov kadvotepovv. TovAdyiotov 50 avapdoelg avd meipapo avaiddnkoy

amo 3 aveEaptnta mepdpoTa.
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6.2 H oowo@opviioon ot ogpivny 331 givor amapoitntn yuo 10V

gvromiopd g MCAK o610 KEVTPOPEPT] KU1 GTOVS KIVI|TOYOPOLS

[Tpoxeyévouv vor EpELVIICOVUE TN ONUACTO TS POGPOPLAIMONG TN GEPiv
331 otov eviomopd me MCAK, kbottopa CHO™' war CHO®*'™ 7ov exkepalovv
napodikd MCAK:GFP, emwdotnkov pe TETPOKLKAIV KOl OTN  GUVEXELL
povipomomOnkayv, Paetnkov pe KOTEAANAO OVTICOHOTO Kol ovoAvOnkov e
GUVESTIOKO pkpookomio. Exepaon e petadhaypévne Aurora-B3'* mpokddece
petwon tov evromopov g MCAK:GFP oto xevipopepn 1 6T00G KvnToX®OpOvG
kotd 72% omv mpopetdpaon kat 80% ot petdpacn ot oyéon pe to CHON!
kottapa (p<0,001), (Ewodva 23). Exnionge, endacn tov CHOY kuttdpov pe VX-680
N UCN-01 odnynoe oe peimon tov evromicopov tg MCAK:GFP ota kevipopepn
Katd 82% kon 80% oe oyxéon pe o controls (p<0,001). Emmposbétag, to CHO® A
KOTTOPO OTN HETAPAOT Topovcstdlovv pewwpévo evtomopd e MCAK:GFP kotd
80% ot oyéon pe o CHOY' khrrapa (p<0,001), (Ewdva 24). Sopmepacpatikd, ontd
To. omoteAéopaTo OElyvouv OTL M eOo@OopLAimor ot oepivny 331 tng Aurora-B

amotteitar ywoo 1o Péitioro eviomopd g MCAK ota kevipopepn kol GTovg

KLV TOYMPOLG.
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CHO¥T (103, 9) 1.02 £ 0.09

MCAK:GFP

F. v
29 -
- P R’E

0.29 £ 0.07

MCAK:GFP

MCAK:GFP

Ewoéva 23: H ékppaon s Aurora-B S331A odnyei o¢ peioon tov evromopov 1ng MCAK:GFP
OTO KEVTPOUEPT] 6TV TPOpPETAPact. Eviomiopnog e MCAK:GFP katd v npopetdeoact. Kottopa
CHOWY™ f{ CHO®™ et omd emayoyy pe tetpakvkhivi, mov exepalovy v MCAK:GFP éucwvay
untreated 1 enwdomkav pe VX-680 (VX) 1 UCN-01 yw 3 dpeg. [pdowo: MCAK:GFP, kdkkivo:
CENP-B, umie: DNA. Ot tég péoa otig mopevBéoelg deiyvouv tov aplipd tov Kivntoydpov Tov
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petpnOnKov Kot tov appd TV KuTtdp@v mov avoivdnkay. Ot Tipéc péoa ota KovTid delyvouv To
péso 6po Tov Phopiopod Tov TpokvTTeL amd 10 Adyo GFP/CENP-B. Ta évBeta deiyvouv peyebupéva

Kkevtpopepn. Scale bars: 5 uM.

CHOYT (70, 6) 1.07 £ 0.13

MCAK:GFP MCAK:GFP

0.22 £ 0.03

MCAK:GFP

Ewoéva 24: H ékepaon s Aurora-B S331A odnyei o€ peiowon tov evromopov g MCAK:GFP
OTOVG KIVIITOYMPOLG KATO TN owapkewd tng perdeacns. Eviomopdc g MCAK:GFP xotd
petaoaon. Kotropa CHOY' /1 CHOS®'A ov exppalovv v MCAK:GFP petd omd emoyoyh pe
tetpoakvkAivn. [lpdowo: MCAK:GFP, kékkivo: CENP-B, purnie: DNA. Ot tipég péoa otig mopeviEselg
deiyvouv tov aplBud TV KivnNTox®pov TOL HETPHONKAV KOl TOV 0pldpd TOV KUTTAPOV TOL
avaivOnkav. Ot Tyég pésa ota Koutid deiyvouv to PEGO Gpo Tov POHOPIGLOY TOV TPOKVMTEL AMO TO

Aoyo GFP/CENP-B. Ta évBeta delyvouv peyebopéva kevipopepr). Scale bars: 5 M.

6.3 H oowoopvrioon otn ogpivny 331 egivon amopaitntn ywo Tov

gvromopd g Kif2b otovg kKivntoy®povg

[Ma va gpevvnioovpe ™ onuacio g eoc@opvAiiowong ot cepivn 331 otov

evtomiopd ¢ Kif2b, wottopa CHOY' ko CHO®*' mov exppalovv mapodikd
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Kif2b:GFP, enwdotmkov e TETPOKLKAIVI KOlU OTN GUVEXEW HOViHOTOmOnKay,
Baorov pe KOTEAANAQ OVTICONOTO KOl oVOADONKOV L€ GUVECTIOKO HWMKPOGKOTIO.

‘Exppaon g Aurora-B5#4

N enooon pe tov VX-680 mpokdiece peimon Tov
evtomicpoV g Kif2b:GFP otovg kivnroympovg katd v mpopetdpoon kotd 84%
kot 92% oe oyéon pe ta controls (p<0,001), (Ewodva 25). Zvumepoopotikd, 1
eo@opLAimon otn oegpivn 331 g Aurora-B amatteiton yio to BéATIoTO gvromIGUO

¢ Kif2b otovg kivnroydpovg.

CHOY™T (63, 6) 1.01 % 0.02

0.08 £ 0.03

Ewéva 25: H ék@poaon g Aurora-B S331A oonyei og peioon tov gvromopov g Kif2b:GFP
GTOVG KIVI|TOYMPOVS KATd TN dapkela g mpopetagaons. Eviomopog e Kif2b:GFP katd v
mpopetapaon. Kottapa CHOY' i CHOS?'A

Kif2b:GFP épewvav untreated M emodommkov pe VX-680 (VX) v 3 @pec. [pdaowo: Kif2b:GFP,

HeTd amd emaymyn e TETPAKVKAIVTY, Tov ek@pdlovv TV

kokkwvo: CENP-B, pumie: DNA. Ot tyég péca otig mopevBéoelc delyvouv tov aplipd teav Kivntoxodpmv

88



EAévn [letoalakn, 2013

7OV HETPNONKAV Kot ToV aptBpd TV KVTTapmv ov avordvinkay. Ot Tipéc péco ota, KovuTid deiyvouy to
pécso 6po tov Phopiopod Tov Tpokvrtel 0md 10 Adyo GFP/CENP-B. Ta évBeta deiyvouv peyebopévong

Kwnrtoydpovg. Scale bars: 5 pM.

6.4 H owopopviioon otn ogpivn 331 givor amapaitntny yuwo ™
ooc@opvrioon s Hecl otn ogpivny 55

[Tpoxeyévouv va peAeTIGOVIE TO POAO TNG POCPOPLAI®ONG ot oepivn 331
Y100 ™ poopopvhiocn e Hecl, ypnotpomomjcape kortapa CHOY' ko CHOS?'A,
T0. omoio povipomomonkay, PAETNKoY e KATAAANAG OVTIGOUOTO Kol LEAETHONKOV
HE YPNON OLVECTIOKNG MHIKpookomiog. Metd omd emaywyn HE TETPOKLKALVT,

mopaTNPNoUUE HEI®ON NG POGPOPLVAImOoNG ot oegpivn 55 ota CHO®*'A

KOTTOPO
kot 73% o oyéon pe 1o CHOY' (p<0,001), (Ewdveg 26,27B). Zuykpitikd, endoon
tov kvttdpov CHOW' pe VX-680 ¥ UCN-01 odfynoe ot peiwon e
ewo@opvAioong otn oepivn 55 kotd 83% ko 82% oe oyéon pe ta controls
(p<0,001), (Ewoveg 26,27B).

Emm\éov, ta CHO®?' KOTTOPO GTN UETAPUCT TAPOLGLALOVY HELOMIEVN
POGEOpPVAImon ot oepivy 55 Kkotd 56% ot oyéon pe to. CHOY' (Ewova 27).

1A
BS33

Axopa, €ékepoon g Aurora- TPOKAAESE  TEPOTEP®  pelmon g

ewoPopLAimong ot ogpivn 55 ot petdpaon katd 67% o€ oyéon e T cHOM!
(p<0,001), (Ewova 27). Ta mapomdve omoteAécpoto mpoteivouy  OTL M
ewoPopvAioon otn oepivn 331 g Aurora-B eivon amopaitnmm yio ™ PéAtiom

eoo@opvAioon g Hecl ot oepivn 55 katd v TpopeTdoacn Kot T LETAPOoN.
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CHOWT (133,7) 1.16 £ 0.11

0.20 £0.05

CHOW¥T+UCN-01 (124,7) | 0.2110.07

Ewoéva 26: H ékgpacn tg Aurora-B S331A odnyei og peioon g oos@opvrioong s Hecl
ot ogpivy 55 omnv mpopetdgacy. Kottopa CHOW' 14 CHOS™'™ petd and emoyoyf pe
TETPAKVKALIVY, éuevay untreated 1 enwdotnkay pe VX-680 (VX) 1 UCN-01 yia 3 opeg. [Ipdowo:
pS55, woékkwo: Hecl, umie: DNA. Ou tyég péoa ot mopevhéoelg deiyvouv tov apBud Ttmv

KINToydpmv Tov HeTpnOnkov kot tov aptud tov Kuttdpov mov avaidbinkav. Ot Tyég péoca ota
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KOUTId dgiyvouy 10 péco 6po Tov EBopiouoy TOV TpokvITEL amd TOo Adyo pSS55/Hecl. Ta évbeta

delyvouv peyebopévoug kivnroympovg. Scale bars: 5 M.

A CHOYT (138,7) | 0511007

B
CHO cells phospho-S55
W WT O WT + UCN-01
[] S331A WT + VX
p<0.001
0.001
14— 33—
1.2 ¥ v
1 -
E 0.8 p<0.001
v 0.64 ‘i
@
n 04 .
0.2 i T
0 b
prometaphase metaphase
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Ewoéva 27: H ék@paocn g Aurora-B S331A odnyei og peioon g oos@opvrioong g Hecl
61N 6gpivn 55 ot peTdacn. (A, B) docpopvrioon g Hecl ot oepivy 55 (A) Kottapa CHOM!
i CHO®™'™ igtd omd emayomyy pe teTpakvkhivn katd t Sdpkewn g petdpaonc. Ipdowo: pS55,
kokkwvo: Hecl, pmie: DNA. Ot tipéc péoa otig mopevBéoelg deiyvouv tov aptBpd tev Kivntoxodpmv
oV peTpnOnKay Kot Tov apliud Tmv KLTTdpov mov avoivdnkay. Ot Tipég L€ GTO KOVTLA dElVoLV TO
pécso 6po tov ehopiopol mov wpokvmtel and to Aoyo pSS55/Hecl. Ta évBeta deiyvouv peyebopévoug
Kovnroydpove. (B) Mésog 6pog tmv Tiudv g éviaong ebopiopod pS55/Hecl. Kottapa CHOW'
CHO®*'" et and enayoyn pe tetpokvihivy, éuevav untreated 1 enodomkav pe VX-680 (VX) 7
UCN-01 ywo 3 dpec. Ta error bars delyvouv ) otabBepn andkiion (standard deviation) and ™ péon

Tiun. Scale bars: 5 uM.
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7. Amoteréopata: Ov Mpsl kov Chkl ocvvepyalovror yuo

TPOCTUGLO OTTO TIC NEPOTEMKES TPOGOECELS

7.1 Toavtoypovn avacstor] T Mpsl kv g Chkl mapovowaler
00poIoTIKO OTOTEAECUO OTIC MEPOTEMKES TPOCOECEIS KOl  TO

APOUOCONATA TOV KAOVGTEPOVY

H Mpsl eivar amapaitntn yi 10 6OGTO So)OPIGUO TOV YPOUOCOUATOV.
Avactoln g evepydttag s Mpsl pe tov avactoréa AZ3146 (AZ) oe control BE
KOTTOPO €lYe ®G OMOTEAEGHO TNV OVENCT] TOL TOGOGTOD TMV OVOUPACEDV UE
uepotelkég mpocdioels (64,6%), (Euova 28A) kot xpopocs®dpoto mov Kafvotepodv
(70%), (Ewova 28B) og oyéon pe ta controls (2,6% xoat 5,2% avtictorya), (p<0,001).
Eniong, peimon g ékppaong g Chkl og cuvovaouo pe avactoln g Mpsl pe tov
AZ (siChk1+AZ) mpokdiece mepaltépw OOENCT TOV OVOUPACEDV UE UEPOTEAIKES
npocdecels (76,4%), (Euova 28A) kot ypopocopate mov kabvotepovv (83,8%),
(Ewova 28B) oe oyxéon pe ta control+AZ xottapa (p<0,001). Zvurepacpatikd, n
TavTdYpovn avacsTodn TS Mpsl kot 1 peiwon ™ €kppaong g Chkl mapovsialovv
éva 00po1oTIKO amoTéEAECUO OGOV APOPE OTIC OVOPACELS IE LEPOTEMKES TPOCOECELS

KO YPOUOCOUATO TOL KABLGTEPOV.
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2 :: ;ﬂ,],n:zssl
2 n=220 %
i _
?E :: p<0.001 %
éé :: n=225 %
N 0 *ﬂf:zss
B :: n=220 % ‘
Pile B W [

Ewoéva 28: AOpoiotiké amotéreopo amd v Ttoutoéyxpovn avactol] tov Mpsl kor Chkl.
SoyvomTeg avaedoemv e UePOTEMKEG Tpocdécel (A) 1 ypopocduate mov kobvotepodv (B).
Kvttopoa BE empolovinkav pe apvntcd siRNA (control) 1 siRNA evavtiov g Chkl (siChkl) 7
enodocnKav pe AZ3146 (AZ) yw 3 dpeg kot avorlvdnkay oty avdeacn. Ot Tipég amotelody 10 HEGO
0po = SD and 3 dapopetikd mepdpota. TovAdyiotov 60 avoaedoels avalvbnkav oe Kabe meipoylo.

n=0 apBLOG TOV AVOPACEMV TOV LEAETONKAV.
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7.2 AvoctoM] ™G Mpsl mpokaiel peimon TOV EVTOMIGHOV TNG

MCAK 06710 KEVIpOPEPT] KO GTOVS KIVIITOYMDPOVS

[Tpoxeyévovr vo peremmoovpe to poéAo TG Mpsl otov evtomopd g
Kweoivng MCAK, «Ottapo BE  empoAdvOnkoav mopodikd pe mhoopido mov
kodwomnotel yio tnv MCAK:GFP, enwdotnkav pe tov avactoréa e Mpsl AZ3146,
povipomomOnkay, Paetnkov pe KOTAAANAC OVIICOMOTO Kot HEAETHOMKOV oTnV
TPOUETAPOCT LLE YPNON GLVEGTIOKNG HKpookomias. Erwaon pe AZ 1 peiowon g
gxppaonc e Mpsl pe siRNA mpokdiece peiowon tov gvromopov g MCAK:GFP
OT0 KEVIPOUEPN OTNV TPopeTdpacn Kotd 54% n 57% oe oyéom pe ta. controls
(p<0,001), (Ewéva 29). EmmpocHétmg, cuvdvacuds peimong g ékppaong g Chkl
pe endoon pe AZ M pe eldttoon ™ Mpsl pe siRNA (siMps1) odfynoe oe axduo
ueyardtepn peimon tov eviomcopod e MCAK:GFP ota kevipopepn katd 88-89%
oe oyxéon pe ta KOTTOPO MOV Elyav enmaoctel povo pe AZ 1M siMpsl (p<0,001),
(Ewova 29).

Eniong, 1o x0ttapa petd ond enmdoon pe AZ mopovciocov HETOUPAGELS LE
YPOUOGOUATO TOV Ogv &lyav Olatoydel oTo 1onuePVO €MIMEOO KO UEPOTEAIKES
npocdecelg (Ewova 30) kat o eviomopog g MCAK:GFP ftav petwpévog katd 61%
oe oyéon pe ta controls (p<0,001), (Ewoéva 31). Avtd ta amoteléopata deiyvouv OTL
1 Chk1 ko Mps1 pvOuilovv amd kotvov tov eviomicpd s MCAK ota kevipopepn

KOl GTOVG KIVITOXMPOLS KOUTA TN SLAPKELN TNG PUGLOAOYIKNG UITOONC.
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MCAK:GFP

BE control (142, 6)

1.011£0.15

MCAK:GFP

- b
. . .
e
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Ewéva 29: AOpoiotiké amotéreopo amd v ToutoHxpovn avactorl] tov Mpsl wkor Chkl.
Evtomopdg g MCAK:GFP. BE «vttopoa mov ekppdlovov tv MCAK:GFP empolovinkav pe
apvntikd siRNA (control) 1) siRNA evavtiov tng Chkl1 (siChk1) 1 siRNA evavtiov g Mps1 (siMpsl)
kot épevay untreated 1 enwdotnkay pe AZ3146 (AZ) yo 3 opeg mapovoia 1) anovsio siRNA gvavtiov
mg Mpsl (siMpsl). IIpdowvo: MCAK:GFP, kokkiwvo: CENP-B, pumie: DNA. Ot tpuég péca otig
napevlécelg delyvouv tov aplBpd TV KvnTOX®POV TOL PeTpHOnKay Kot Tov optiid Temv KuTTapmv
mov avaAvdnkoav. Ot TipéG péca ota Koutid detyvovv to pHéco 6po tov POoPIGHOY TOL TPOKVTTTEL A

70 A0yo GFP/CENP-B. Ta évbeta deiyvouv peyebopéva kevipouepn|. Scale bars: 5 uM.

A BE control + AZ

BE control + AZ

o-tubulin ¢-tubulin

£

i

Ewoéva 30: (A, B) Avactoii Tng Mpsl 0dnyei ot dnuovpyio YpOROCORITOV TOV KAOLGTEPOVY
Kol pepoteMk@v tpocsdécemv. (A) Iopdadetypo avdeaong Le ypoUOCOUATA TOV KOBVGTEPOVY GTO
onuepwvo eminedo oe kOTTapo peTd omd emdoaon pe AZ. Kokkivo: CENP-A, umie: DNA. (B)
Mopddetypo avapoaong pe pePOTEAKN Tpdcdeon petd amd enmdacn pe AZ. Ilpdowo: o-tubulin,

kokkwvo: CENP-B, pmie: DNA.

97



EAévn [letoalakn, 2013

1.0210.13

MCAK:GFP

LR A

Fop

o
’ e
):'_"

e

0.40 £ 0.03

MCAK:GFP

Ewéva 31: Avactor] t™g Mpsl odnyei og peioon 1ov gvromopod ™ MCAK:GFP otoug
Ky toy0povg ot petdeacn. Evtomiopog g MCAK:GFP kotd ) petdoaocn. Kottoapo BE mov
ekppdlovv v MCAK:GFP. IIpdowvo: MCAK:GFP, kékkivo: CENP-B, pumie: DNA. Ot tyég péoa
ot mapevhioelg delyvouv tov aplBpd TOV KnToxdpmv Tov HETPNOnKav kol Tov aplpd Tomv
KuTtépwv mov avaAdOnkav. Ot tég péoa ota kovtd delyvouv o péco 6po tov PHoPIGHOD TTOL

npokvntel and to Adyo GFP/CENP-B. Ta évBeta deiyvouv peyeBopévo kevrpopepn. Scale bars: 5 uM.
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7.3 Avactoi] g Mpsl npokairel peiowon Tov evromopov ¢ Kif2b

GTOVG KIVI|TOYDPOVG

[Tpoxeyévovr vo peremmoovpe to poéAo TG Mpsl otov evtomopd g
kwveoivng Kif2b, xvttapa BE  empoidvOnkav mopodikd pe mAacpuidio mov
kodwomnotel ya v Kif2b:GFP, enwdotrav pe tov avactoréa g Mpsl AZ3146,
povipomomOnkay, Paetnkov pe KOTAAANAC OVIICOMOTO Kot HEAETHOMKOV oTnV
TPOUETAPOOT HE XPNOT GLVEGTIOKNG Hikpookoniog. Enwaon tov kuttapov pe AZ,
ueiwon ™g Mpsl pe siRNA 1 cvvdvaopodg peioong e Chkl pe emwoon pe AZ M
siMpsl, odnynoe oe peimon tov gviomcopov ¢ Kif2b:GFP otoug kivntoxdpovg
Katd 95-96% oe oyxéon pe ta controls (p<0,001), (Ewdéva 32). Emiong, ta emineda
tov MCAK:GFP ka1 Kif2b:GFP dev ennpedotray amd v endoon pe AZ anovcio
N mapovoio siRNA evavtiov tg Chkl (Ewoédva 33). Zvpnepacpotikd, ovtd to
aroteAéopata deiyvouv 0TI 1 evepyotnTa g Mpsl givar arapaitn yuo 1o BéATioTO

evtomopd twv MCAK kot Kif2b ot kevrpopepn Kot 6Toug KviTox®povg.
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Kif2b:GFP
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BE control (286, 15)
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Ewova 32: Amotéleopa amwd Ty Tavtoypovn avacstoil] Tov Mpsl ko Chkl. (A) Evtomopog g
Kif2b:GFP. BE «vuttopa mov exepdlovv v Kif2b:GFP empoiovOnkav pe apvnricd siRNA (control)
1 siRNA evavtiov g Chkl (siChk1) i siRNA evavtiov g Mpsl (siMpsl) kot épetvav untreated 1)
enmdcmKav pe AZ3146 (AZ) ywo 3 opeg mapovoia 1| amovsio siRNA evavtiov g Mpsl (siMpsl).
[pdowo: Kif2b:GFP, koxkwvo: CENP-B, pumie: DNA. Ot tyég péoa otig mopevhécelg deiyvouv tov
aplBpd TOV KWNToYOP®V oL HETpOnKav Kot tov apBud tov KuTttdpmv mov avoivdnkay. Ot Tég
péca ota KouTid delyvouy 10 péEGo 6po tov Phopiopod mov Tpokdmrtel omd to Adyo GFP/CENP-B. Ta

évBeta delyvouv peyebopéva kevipopepn. Scale bars: 5 uM. Scale bars: 5 uM.

BE cells

MCAK:GFP Ki2b:GFP

control + + - + + -
siChkli - - + - - +
AZ - + + - + +
_140 kDa
GFP—*Q.a-
, |_100 kDa
Chkl | we o we o | SOKDa
actin  __
T o TN e e -_40kDa

Ewéva 33: Aviloon Western Blot tng ohkrig GFP, Chkl kot axtivng. BE kottapa emproddvOnkoy pe
apvntikd siRNA (control) 1] siRNA evavtiov tng Chkl (siChkl) kot enodotnrav pe AZ3146 (AZ) yw
3 opec.
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8. Amoteréopata: Poloc t™mg Mpsl kv ¢ Chkl oty

EMOL0POMON TOV HEPOTEAKAOV TPOGOECEMY

8.1 H Mpsl givon amapaitnt Yo TV ap)ikn tpdécdeon ko 1 Chkl
v 1 owtipnon s MCAK oto kevrpopepn

[Tpoxeyévou va epguvioovpe av ot Chkl xor Mpsl eivar amopaitnteg yio
apyikn mpocdeon 1M dwtnpnon g MCAK ota kevipopepn, BE xvttopa
EMMACTNKOV He TAEOAN, VO PAPLOKO TOL GTOOEPOTTOLEL TOVE UIKPOGSMANVIGKOLG Y10
I opa M 6 ®peg, povipomomdnkav, Paenkav He KOATOAANAQ OVTICOUOTO KoL
HEAETNONKOV OTNV TPOUETAPOOT) LE PO GLVECTIOKNG HKpOookomiag.. Tavtoypova
pe v TaEOAN, ta kOttapa emwdctnkov pe MG-132 dote va punv Byovv amd
pitoon petd ™ peioon g ékepaong g Chkl 1 petd and endaon pe AZ (Abrieu et
al., 2001; Zachos et al., 2007). Metd and endaon pe ta&oin kot MG-132 yo 6 dpec,
o evromionog g MCAK:GFP ota kevipopepn o€ control kdttapo petd omd emmoo
ue AZ peiwdnke xatd 52% oe oyéom pe ta controls (p<0,001). Emiong, peiwon g
Chkl1, cvvdvaoudg peiwong e Chkl pe endaon pe AZ M encdaon pe VX-680
odnynoe oe peiwon g MCAK:GFP ota kevipopepn katd 90-96% oe oyéon pe 1o
controls (p<0,001), (Ewcoveg 34A,36A).

AvrtiBeta, petd and endoon pe taEoAn kot MG-132 yia 1 @pa, ta KOTTOpo pe
uewwpévn Chkl etyav napopola eninedo MCAK:GFP ota kevipopepn oe oxéon pe to
controls (p=0,48), (Ewova 34B). Avtd ta anotedéopato diyvouv OTL To KOTTOPO LE
petopévn Chkl €yovv dvvatdomra mpocdeong g MCAK:GFP petd and 1 opa
ENMAONG LE TAEOAN aAAG OgV LITOPOLV VA T OlTPooVY T KeEvIpopepn. Emiong,
ota control+AZ kdttapa, ota control+VX kot ota siChkl+VX o eviomopog g
MCAK:GFP peiovdnke katd 53-57% o€ oxéon pe to controls petd amd 1 1 6 dpeg
enmaon pe taoAn kor MG-132 (p<0,001), (Ewkéva 34B,36A). Zvunepacpatikd,
evepyotnta g Mpsl sivon arapaitntn yu ) Bértiomn npocdeon g MCAK ota

KEVTPOUEPT TTopovsia TaEOANG.
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taxol 6h

BE control (209, 8) | 1.01 £0.06

MCAK:GFP

" ._gl:'

0.10 £ 0.04

MCAK:GFP

0.06 % 0.02
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[=)

taxol 1h
BE control (184,7)

1.02 £ 0.07

1.04 £ 0.07

MCAK:GFP

-,

[

- -

0.48 £ 0.07
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Ewoéva 34: H evepyotnta ™ Mpsl anarteitor Yo v apyikn mpéodeon ko  Chkl ywo ™
owtmipnon ™mg MCAK:GFP ota kevrpopepn. Evromopdc g MCAK:GFP. Kotrapa BE mov
ekppdlovv v MCAK:GFP enyoddvOnkav pe apvntikd siRNA (control) 1} siRNA evavtiov tng Chkl
(siChkl) kot emwdomkav pe TaEOAN kot MG132 yuo 6 dpeg (A) 1 1 dpa (B) moapovsia v anovcia
AZ3146 (AZ) 1 VX680 (VX). Ot Tyég péoa otig TapevhEcels deiyvouv Tov apBid TV KEVIPOUEPDV
oV peTpnkav Kot Tov aptfpd Tev KutTtdpmv mov avarvdnkav. Ot tipéc péoa ota kovtid deliyvouy to
péco 6po tov Phopiopod mov mpokvmtel and to0 Adyo GFP/CENP-B. Ta évleta deiyvouv peyebopéva

kevipopepn. [Ipdowvo: MCAK:GFP, kokkivo: CENP-B, umke: DNA Scale bars: 5 uM.

8.2 H Mpsl givar amapaitntn Yo Tnv apyki apoécdson ko 1 Chkl
v ) owatipnon s Kif2b otovg Kivnroympovg

[Tpokeévov va gpevvnoovpe av ot Chkl xor Mpsl eivar amapaitteg yuo
apywn mpdcodeon 1 dSwtipnon g Kif2b otovg kivntoympovg, BE wvttapa
enmdomrov pe TaEoAn kor MG-132 v lopa 1 6 dpeg, poviporomonkay, Baetnkoy
HE KOTAAANAQ OVTICOUOTO KOl HEAETNONKOV OTNV TPOUETAPACT HE YPNOM
OLVESTIOKNG Kpookomiog. Endoon pe tagdodin kot MG-132 yuo 6 dpeg eixe og
arotéleopa peiwon tov evromopov g Kif2b:GFP otovg kivnroydpovg e kdtTapo
pe petwpévn Chkl, og control+AZ kidttapa, oe control+VX kot ota siChk1+AZ katd
89-93% o oyéon pe ta control kKotTapa (p<0,001), (Ewodva 35A,36B). Qotdco, petd
and endaon pe taEoin ko MG-132 yio 1 opa ta kdtropa pe peiopévn Chkl siyov
napopown emineda evromiopov g Kif2b:GFP otovg xwvntoympovg (p=0,71), evd
petd omd emwoorn pe AZ3146, VX680 1 cuvovacudg peimong g EKOpaons g
Chkl pe enoaon pe AZ odnynoe oe peimon g Kif2b:GFP otovg kivnroympovg
katd 89-93% oe oyéon pe ta control kutTapa (p<0,001), (Ewdéva 35B,36B). Avtd ta
arotedéopato delyvouv 6tt 1 Chkl eivor amapaitntn ywo ™ dwipnon g Kif2b

OTOVG KIVIITOYMPOLG, KOt O)L YioL TV apYIKN TNG TPOCOEST), TOPOLGiN TAEOANC.
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A taxol 6h
BE control (150, 10) | 0.5710.08

Kif2bh:GFP Kif2b:GFP

0.06£0.04 |

Kif2b:GFP Kif2b:GFP

1

D o "Eu: _"" E[ ! .,":::J

0.06 £0.02

Kif2h: GFP
i ¥

: pla

106



EAévn [letoalakn, 2013

B taxol 1h
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Ewoéva 35: (A) H evepyémnra g Mpsl anarteitor yio v apki tpéodeon kot  Chkl ya )
owmipnon s Kif2b:GFP 6ta kevrpopepn. (A) Evromopog g Kif2b:GFP. Kbttapa BE mov
ekppdlovv v Kif2b:GFP empoioviniayv pe apvntikd siRNA (control) 1 siRNA evavtiov tng Chkl
(siChkl) kot emwdomkav pe TaEOAN kot MG132 yu 6 dpeg (A) 1 1 dpa (B) mopovsia 1 anovcia
AZ3146 (AZ) 1 VX680 (VX). Ot tyég péoa otig mopevhéoelg deiyvouv tov aplfpd tov Kivntoxdpmv
oV peTpnKav Kot Tov aptfpd Tev KuTTtdpmv mov avarvdnkav. Ot tipéc péoa ota kovtd delyvouy to
péco 6po tov ehopiopol mov npokvmtel and to Adyo GFP/CENP-B. Ta évleta deiyvouv peyebopévoug

kwnroydpovg. [Ipacwvo: Kif2b:GFP, koéxkivo: CENP-B, puaie: DNA Scale bars: 5 uM

A BE taxel

[ control .| control + AZ =| control + VX
[ siChkl siChkl + AZ

1.2 —] '
\ ¥p<0.001 v p<0.001

1

p<0.001

0.8 -
0.6 -

GFP/CENP-B

0.4 -

MCAK

0.2 -

B BE taxol

[ control (] control + AZ g control + VX

[]J siChkl siChkl + AZ

1 ~—P<0.001 p<0.001
R os ! ; ! 1
% 0.6 T T
% 0.4 -
B
E 0.2 -

0 -

taxol 1 h taxol 6 h
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Ewoéva 36: H evepyotnta g Mpsl anarteitor ywo v apytkn mpéodeon kot  Chkl ywo ™
owtipnon g MCAK:GFP c6ta kevrpopepn ko g Kif2b:GFP otovg xivnroydpove. (A, B)
Kvttopa BE mov exppalovv tnv MCAK:GFP 1 v Kif2b:GFP gmpoldvvinkav pe apvntikd siRNA
(control) 1 siRNA evavtiov g Chkl (siChkl) kot enwdotnkay pe ta&oAn kot MG132 ywo 1 dpa 1 6
mpeg mapovoio N amovoio AZ3146 (AZ) 1 VX680 (VX). 'Evtacn ¢Bopiopod mov mpokOnTel amd To
Adyo GFP/CENP-B ota kevipopepn (A) 1 otovg kvntoxmpovg (B). Ot tipéc amoteAovv 10 LéGo 6po
+SD.

8.3 H Mpsl givon anapaitntn Yo T ¢oc@opvrioon ts Hecl ot
ogpivn 55

[Tpokeévov va pedetnoovpe 10 poho g Mpsl ot pocopvAioon g
Hecl ot ogpivn 55, xottapa BE enodotnkav pe AZ yio 3 dpeg, povipomomonkay,
Baorov pe KATAAANAQ OVTICOUATO KOl LEAETHONKE N POGPOPVAMMOTN 6T oepivn
55 ne avocopBopiopd. Endaon twv BE kuttdpov pe AZ 1 cuvovaopog peimong e
éxppaonc g Chkl pe endaon pe AZ, mpokdriece Lel®ON TG POCPOPLAIOONG 6N
oepivn 55 g Hecl otoug kivnroympovg xatd 74% otnv mpopetdpaon kat 65-69%
o1 petdeoon oe oxéon pe ta controls (p<0,001), (Ewova 37).

EmnAéov, petd and enmaon pe ta&oin kon MG-132 yia 1 opa, Ttapoatnpndnke
peimon g ewoopvAioong ot oepivn 55 g Hecl ota kdttapo pe peuwpévn
Chkl, oe control+AZ 7 og siChkl+AZ xatd 78-81% oe oyéon pe ta controls
(p<0,001), (Ewova 38). Zoumepacpotikd, oTd To OTOTEAECUOTO OEivouV OTL 1
evepyotnta ¢ Mpsl amorteitonr yioo ) BéATIOT| @wopopvAiiwon g Hecl ot

oepivn 55 kotd T SdpKEd TG PLGIOAOYIKNG UiTOONG 1| TALPOLGio TAEOANG.
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BE control (370, 13)

1.06 £ 0.13

BE siChkl + AZ (226,7)
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Ewéva 37: (A, B) Avaostor) g Mpsl npokarei peioon g pS55 g Heel otnv mpopetagoon
(A) ko ot peragoon (B). (A, B) Kottopa BE emporovOnkov pe apvntikd siRNA (control) 7
siRNA evavtiov tng Chkl (siChkl) kot épewvav untreated 1 enwdotnkov pe AZ3146 (AZ) yo 3 dpsg.
Ot Tipéc péoa otig mapevBécelg deiyvouv tov aplipd TV Kvntoxmpov mov HeTpndnKov Kot tov
aplBd TV KuTtdpev mov avoivdnkav. Ot Tiég péca ota Koutd Ogiyvouv 0 HECO OpO TOL
@Bopiopol mov wpoxvmTel amd to Adyo pS55/Hecl. Ta évBeta deiyvouv peyeBupévoug kKivntoydpovg.

IIpdowo: pS55, kokkivo: Hecl, umAe: DNA. Scale bars: 5 uM

BE control taxol 1h 1.02 £ 0.07

BE siChk1 taxol 1h 0.21 £0.06
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Ewova 38: Avaotol tng Mpsl peiovel ) goo@opviioon tng oepivig 55 g Hecl. BE «dttopa
emyoAbvOnkav pe apvntikd siRNA (control) 1§ siRNA evavtiov g Chkl (siChk1) kot enmdonkay pe
oM v 1 dpa mapovsio 1 amovcio AZ Kot peketnOnkav oty mpopetdpacn. Ot Tyég péca ota
KouTid deiyvouv 10 péco 6po Tov EBopiopov Tov mpokvmTEl amd To Adyo pSS55/Hecl. Ta évbeta

delyvouv peyebopévoug kvnroympovg. [lpdotvo: pS55, kdkkivo: Heel, pmie: DNA. Scale bars: 5 uM

8.4 H Chkl cgivor amapaitntn ywo ™) ot00epn) npdsdcon s Mpsl

GTOVS KIVI|TOYDPOVS

Avootol ™g Mpsl av&dver tov evtomiopnd g Mpsl 6ToUg KIvToXdpOvG
(Hewitt et al., 2010). Ilpokewévov va peretnoovpe 10 porlo g Chkl otov
evromiopnd g Mpsl, kOttapa BE enwdomkav pe AZ xor avoAvOnkov oty
TPOLETAPOOT LE CLVESTIOKY| pukpookomia. Meimon ¢ Chkl odfynoe e peiwon g
Mps1 otovg kivnroympovg katd 84% oe oyéon pe ta controls (p<0,001). Emiong,
enmaon pe VX-680 odnynoe oe peimon e Mpsl otovg kivnroxdpovg katd 90% oe
oyxéon pe ta controls (p<0,001), (Ewova 39). Avtd ta anoteréopata deiyvouv 6TL N
Chkl eivon amapaitnm yu 1o BéATIoTO €viomiopd ™ Mpsl 6tovg Kivntoydpovg

AToLGin PUPUAK®V TOV SNANTNPALOVV TN UITOTIKT ATPUKTO.
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BE control + AZ (295,8) | 1.05+0.09

0.17 £ 0.07

0.11 £0.07

Ewova 39: H Chkl givan amapaitntn ywo tqv wpdécdeon tng Mpsl otovg kivntoyopovg (A)
Evtomiopodg g Mpsl. Kottapa BE empodlovOniay pe apvnricd siRNA (control) 1 siRNA evavrtiov
g Chkl (siChkl) kot emwdotnkov pe AZ3146 (AZ) 1 VX680 (VX) o 3 mpeg. IIpdowvo: Mpsl,
kokkwvo: Hecl, pmie: DNA. Ot tipéc péoa otig mopevBéoelg deiyvouv tov aptBpd tTev Kintoxdpmv
oV peTpnOnkay Kot Tov apliud Tmv KLTTdpv mov avoivdnkay. Ot Tipég L€ GTO KOLTLA delvouY TO
péco 6po tov Phopiopod Tov Tpokdmtel and to Adyo Mpsl/Hecl. Ta évbeta deiyvouv peyebopévoug

KwnToy@povc. Scale bars: 5 uM.

[Tpoxeyévou va peretioovpe 1o poro g Chkl ot otabepn tpodcdeon g
Mps1 otovg kivnroympovg, enwdacape Kottapa BE pe taE6An, AZ kon MG-132 yw 1
opa M 6 Opeg ko eEgTdoape TOV EVIOMIGHO ™G Mpsl o6TOUG KiynToy®povg e
avocopBopiopd. Metd and endoaon pe tagoan, MGI32 kot AZ yw 1 opa, to
kottapa pe peiwpévn Chkl mapovciocav peiwpévn Mpsl 6tovg Kivntox®povg Kotd
58% oe oyéon pe ta controls (p<0,001), (Ewova 40A), to omolo deiyver Ot T0

kOttopa pe petopévn Chkl éyovv ) duvatdtnta va tpocdécovy acbevmg v Mpsl.
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Avrtifeta, endaon pe ta&oAn, MG132 ko AZ yio 6 dpeg, TPoKAAEsE Lel®OT TG
Mpsl og kottapa pe petopévn Chkl katd 94% oe oyéon pe ta controls (p<0,001),
(Ewova 40B). Avtd ta amoteAécpata deiyvouv 61t 1 Chkl givon amapaitntn yio

otafepn| Tpdcdeom ™ Mpsl 6ToVG KvnTox®dPOVS Tapovsio TAEOANG.

A taxol 1h
BE control + AZ (246, 8) | 0.98 £0.14

B taxol 6h
BE control + AZ (169,6) | 1.01£0.06

0.06 £0.03
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Ewéva 40: H Chkl givor anapaitytn Yo T otadepr tpdcodeon tng Mpsl 61005 KIvijTo®dpPovg
(A) Evtomiopog g Mpsl. Kottapa BE empoiovOniav pe apvntikd siRNA (control) 11 siRNA
evavtiov g Chkl (siChkl) kot enwdotkov pe AZ3146 (AZ) kot ta&oin kot MG132 ya 1 opa (A) 1
6 dpeg (B). Ipdowo: Mpsl, kokkwvo:Hecl, pmie: DNA. Ot tipéc péoa otig mapevécelg delyvouv tov
aplld TOV KWNTOXYOP®V TOL HETPONKaV Kot Tov apBud Tov KVTTap®mv mov avoivdnkay. Ot Tyég
péca oto KouTid dgiyvouv to péso 6po tov ehopicpov mov mpokvrtel amd o Adyo Mpsl/Hecl. Ta

évBeta delyvouv peyeBopuévoug kivntoympovg. Scale bars: 5 uM.

8.5 H owopopviioon otn ogpivn 331 givor amapaitntny yuo ™
ota0gp1] Tpocdesn TS Mpsl 6ToVG KIvi|TODPOVG

[Tpoxeyévou va peAeToovpe 10 pOAO TG POGPOPLAI®ONG ot oepivn 331
ot otabep] TpoOcdeot TG Mpsl GTOVE KIvnTOXMPOLS, YPNCLOTOWCapE KOTTOPQ
CHOY" kot CHO®**'* 7ov exppalovv mopodikd Mpsl:GFP. Metd and emaywyn pe
TeTpaKvkAiv) kat emdoon pe AZ, kotrapo CHO®?'™ mov exopalovv mapodicd
Mps1:GFP mopovcialovv peiopévo eviomiopd g Mpsl:GFP otoug kivntoympovg
katd 79% oe oxéon pe ta CHOY' (p<0,001), (Ewdva 41A). Avtd ta anotedéoporta
delyvouv O6TL N po@opvrimon g Aurora-B ot oepivn 331 givor amapaitn yu to
BéAtioto evromopd g Mpsl otovg Kivnroywpove. Avtifeta, emooaon pe AZ dev
dAAaEe onuaviikd 1 @o@opvAiiwon otn oepivn 331 oe oxéon pe ta controls

(p<0,44), (Ewova 41B).
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A CHO®T + AZ (209,§) | 1.02£0.12
Mps1:GFP Mps1:GFP

B BE control (317,10) | 1.09 £0.08
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Ewéva 41: H oocpopvrioon ot oepivy 331 givor amapaitntn Yo ™ o1adepi] mpdodeon g

1A r r , 3
O3 uetd and emoymyn pe TeTpaKLKAivN,

Mps1 otovg Kinroydpove. (A) Kortapa CHOY' f CH:
mov ekppdlovv v Mpsl:GFP enwdomkov pe AZ3146 (AZ) ywo 3 dpec. IIpdowo: Mpsl:GFP,
kokkwvo: Hecl, umhe: DNA Ot tipuég péoo ota Kovtid detyvouv 10 péco 6po tov @hopiopod mov
mpokvntel amd to Aoyo GFP/Hecl. (B) Avaotoin g Mpsl dev peidvet ™ ¢moc@opurioscn ot oepivn
331. Kottapa BE emwdomkov pe AZ3146 (AZ) 1 UCN-01 yuo 3 dpec. Or tpég péoa otig
napevlécelg delyvouv tov oplBpd TV KvNTOX®POV TOL PeTPHOnKay Kot ToV optid Tmv KuTTapmv
mov avoivnkav. Ta £vBeta deiyvouv peyebovpévoug kivntoydpove. Ot Tiég péoa 6Ta KOuTid deiyvouv

70 H€Go 0po Tov PHOPIGHOD TTOV TTpoKUTTEL 0TTtd TO AOYO pS331/CENP-A. Scale bars: 5 uM
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9. Xvumepacpota-XolnTnon

H Chkl givon o kohd cuovinpnuévn Kivaon 1 omoia evepyomoleitat Tapovciol
Brapav oto DNA (Patil et al., 2013). [Ipdoeaza, deiope 6Tt 1 Chkl pocpopviidvet
v Aurora-B ot cepivn 331 kot avt n poopopvAioon givar amapaitntn yuo T
Aertovpyion Tov spindle checkpoint (Petsalaki et al., 2011; Zachos et al., 2007). H
Aurora-B mailel poAo 1000 ot Acttovpyia tov spindle checkpoint mapovcio TaEOANG
(Hauf et al., 2003b; Zachos et al., 2007) 660 kot 6TV €md1OpBmoN TV AovOasuEvaov
npocdécemv (DeLuca et al., 2006). [Ipoéceata, kdmoleg peAéteg Exovv deiéel OTL 1
Aurora-B icwg éxel poAo mopovsion TOAADV UN TPOGOEOEUEVOV UKPOSOANVICK®V
aveCdptta and v emddpbwon twv mpoocdécewv (Santaguida et al., 2011).
Q061000, 0 poAoG g Chkl oty end10pHwon TV LEPOTEAKDV TPOGOEGEWY deV glye
TEPLYPAPEL TPONYOLUEVEMG.

Ymv mopovco peAETn  delyvovpe OtL KOTTapo pe  pewouévr  Chkl
TOPOVCIALOVY  AVENUEVO TOCOOTO OVOPACEDYV LE HEPOTEMKEG TPOGOECELS KOl
ypopocsouata tov kabvotepohv. Emmiéov, emPBePardoapie To anoTeEAEGHATA LOG KoL
o€ KopKwikd B-Agppokdtropa amd Kotdnovlo ot onoia £yl amaielpOel yevetikd n
Chk1 (Chkl1-/-) xou oe KD kOttopo amodiaypévo omd TNV KATOAVTIKY EvEPYOTNTO
¢ Chkl1. Zvunepacpotikd, n katarlvtikn evepyotnra g Chkl eivar arapaitn yo
LelmoN TOL TOGOGTOV AVUPAGEDV LE HEPOTEMKEG TPOGOETELS KO YPMOUOCHUOTO TOV
KaBvoTePoHV € KHTTOPO GTOVOLAMTMV.

X ovvégewn, oct&ape 01t M Chkl eivor amapoitntn v emodpbwon tov
HEPOTEMKDV TPOCGOEGEMV GE KUTTAPO CTAUATIUEVO OTY| LETAPOOT EVD OVOGTOAN TNG
Chk1l odnyel oe dnpovpylo octafepdv TPOGIECEMV TV HKPOCOANVIGK®V GTOVG
Kivnroyopovs. Emiong, deifape 6tL n evepydtrta g Chkl eivar amapaitmtn yo to
Bértioto eviomiopd twv kwveovaov MCAK kot Kif2b ota kevrpouepn kot 6tovg
KWNTOY®Povs. Ta amoTeAEGUATA HOGC OVTE CULPOVOVY LE TTPONYOVUEVEG LEAETES TTOV
detyvouv Ot peiwon g Kif2b 1 g MCAK otovg kivntoxdpovg oonyesi oe
otabepdtepovg pkpoowinvickovs (Bakhoum et al., 2009).

H Chkl oocgopviidver tv Aurora-B ot oepivn 331 kot n
QPOo@opLAI®UEVN Aurora-B evtomileton otovg kKivntoympovg pali pe t CENP-A kot
M Hecl og xottopa otnv mpopetdpaon kot ) petaeaoct. [Hocotworoinon g

évtaong tov @Bopiopod mov mpokvmtel amd 1o Adyo pS331/Hecl, édei&e o011 n
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QOGEOPVAI®ON €ival LYNMA OTNV TPOUETAPAOT) KOl HUEWDVETOL CNUOVIIKG ©TN
petdpacn omov &yovv mALov Ompovpyndel ol TPOGOEGES TV HKPOSOANVICK®OV
GTOLG KLV TOY®DPOVG.

Xpnowomowwvrag kvttapo CHO mov ekppdlovv v aypiov tomov Aurora-B
N ™ petoAdoypévn Aurora-B ot oepivy 331 oe adavivn, deifape OTL 1
QeOo@opLAimon ot oepivn 331 kot n TANpNG evepyomoinon ¢ Aurora-B Bon0d
otV TPOANYTN TOV OVUPACEDV UE UEPOTEMKEG TPOGOEGEIS KOL YPWOUOCHUOTO TOV
kabvotepov. EmumAéov ociape 6Tt M owceopvAiwon ot oepivn 331 elvan
aropaitnmn yw to PéAtioto eviomiopud twv MCAK kot Kif2b ota kevipopepn kot
GTOVG KIVITOYXMPOLVG Kol TN pwc@opvuiimon g Hecl ot cepivn 55 kan ogpivn 44. H
Aurora-B cvvevtomiletar pe v MCAK oto kevipouepn Kot 11 QOGEOPLALDVEL
(Andrews et al., 2004). Xe avtiototyio pe T O1KE HOG OMOTEAEGLOTO, AVOGTOAN TNG
Aurora-B odnyei oe evtomionud g MCAK 610 KuTTOpOTAGCHO KO OTN UITOTIKY
ATPOKTO KO OYL OTO KEVIPOUEPT] LE AMOTEAECLO VO UV UTOpovV va, dnpiovpyndodv
owotéc mpocdéoels (Andrews et al., 2004; Petsalaki and Zachos, 2013). Emiong,
pewwpévn evepyomta g Aurora-B oonyel oe amoxiewopd g Kif2b amd tovg
Kwnroyopovg (Bakhoum et al., 2009).

EmnpocbHétwg, osiyvovpe o611 avactod g Mpsl mpoxoiel pepoteAikég
TPOGOECELS KOL YPOUOCHUOTA 7OV KoOLGTEPOVV KOl TOPOLGLALEl 0BPOIoTIKO
amotéleopo pe tovtoxpovn peimon g Chkl. Méyptr topa, dev NTav yvooTOS O
porog g Mpsl oty mpdinym tov pepoteMkdv Tpocdécemv. Eniong, avactoin g
Mpsl odnyel oe peiwpévo evromopd tov kiveoivov MCAK ko Kif2b o1a
KEVIPOUEPT] KOl GTOVS KIVNTOYDPOVS Kot peimon g paospopuiimon g Hecl ot
oepivn 55. Eivan yvooto 6t Mpsl pocpopviumver 1t Borealin yio va avénoet v
evepyomta ¢ Aurora-B (Jelluma et al., 2008; Sliedrecht et al., 2010) ondte vdpyet
éva evdgyopevo M dpdorn e Mpsl va opeiletar ot pocopvAiowon g Borealin.
Yrapyovv Opmg kot dAleg mtepurtdocelg 6mov 1 Aurora-B pvBuilel tov evromopd mg
Mps1 mapovcio pun mpocdedepévov Kivnroyxopwv (Hewitt et al., 2010; Saurin et al.,
2011), (Jelluma et al., 2008; Santaguida et al., 2010; van der Waal et al., 2012b).
ZOpeova pe T 01K LG OmOTEAEGHOTA, avOoTOAN TG Mpsl dev mpokdiece peimon
™G OGPOPLA®UEVTS oepivng 331 GTOVG KIvnTOXDPOLG,.

21N GULVEKELD, YPNOLUOTOIOVTOS TAEOAN, VO PAPUAKO TOV 0TOOEPOTOLEL TOVG
pKposoAnviokovg, ogiape 6t n Mpsl eivarl amapaitmtn yio tov apyikd EVIOmGUO

tov MCAK kot Kif2b ot kevrpopepn kot 6tovg kKivnroyopovs eved 1 Chkl yia
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otabepn] mpdcdeon KL Oyl Y TOV OPYIKO EVIOMIGUO TOLG GE KOTTOPO OTNV
TPOUETAPOOT). XVYKeKpEVa, kuttapo pe petwpévn Chkl petd amd emdoon pe
taEoA Yy 1 opa gpoaviCovv eviomopéveg MCAK ko Kif2b ota kevipopepn kot
TOVG KIVNTOYMPOLG avtioToyo, mapd to petopéva eninedo g Mpsl. [TiBavodg, pio
ppn mocdtTa g Mpsl eivar apket yuo va pvBuicet tov eviomoud tov MCAK
ko Kif2b. Yrdpyet kot 1o evoeydpuevo n mopovsio tng Mpsl otovg kivntoydpovg va
unv elval amoALTOS omapaitnTn 0AAG Vo givol amoapaitntn 1 KLTTOPOTANCUOTIKN
Mpsl mpoxepévor va emtevyfel o cwotdc eviomopog tov MCAK ko Kif2b
(Maciejowski et al., 2010). Metd and endoon pe TaEOAn yio 6 GPEG Kot ovOGTOAN
™m¢ Mpsl mapatnpnifnke peiowon tov evromopov e MCAK ota kevipouepn eva
TavtOYpovn avacoToAr Tov Mpsl kot Chkl peimoe akdpa mepIocOTEPO TOV EVIOMIGUO
™m¢c MCAK ota kevipopepn. Kotd t odpke g @uolohoyikng pitwong xopic
eappoka, to kottopa pe pewwpévn Chkl égovv ) duvatdTTo Vo TPOGOEGOLV La
pkpn moocotta Tov MCAK kar Kif2b cuvenmg mpoteivovpe 6t 11 poG@opuAinon
¢ oepivng 331 ko n TANPNG evepyomoinomn g Aurora-B givon amapaitnm yo
otafepn mpdcdeon twv MCAK «at Kif2b ota kevpopepn Kot 6Toug Kivntoxdpoug.
Me Bdon to TponyovuUEVH OTOTEAEGLOTA, TPOTEIVOVIE TO TOPAKAT®O LOVIELO
emd0pHwonc Tov pepoteMkmv tpocdécemv and Tig Chkl kot Mpsl (Ewova 42). H
Chk1 poopopviimvel v Aurora B ot oepivn 331 kot avt n 9c@opviimon ivat
amopoitnm vy 1 otabepr| mpdcodeon tov kweowwov MCAK ko Kif2b ota
KEVIPOLEPT KOl GTOVG KIVNTOYXMPOLS Kot TN PEATIOT @ewceopviimon g Hecl ot
oepivn 55 kan oegpivn 44 pe okomd ™V eMOOPO®ON TOV HEPOTEMK®DV TPOGOEGEDV
npwv v avaeaoct. Eniong, n Chkl mpokadel t otabepr) mpodcdeon g Mpsl otovg
KWV TOY®POLG HEC® PmopopviMmong g Aurora B ot oepivn 331. H Mps1 pe
oelpd ¢ amarteitan yo Tov apyko evromicpd tov kivestvav MCAK kot Kif2b ota
KEVTPOUEPN KOl TOVG KIVNTOXMPOLS Kot TN pwc@opLvAinon tng Hecl, iowg péow g

Borealin.
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Ewova 42: Movtéro emdopOmong pepoteMkdv npocdécswv amd tTnv Mpsl ko tqv Chkl. To p

VTOJEIKVOEL POOPOPLAIOT.

To poviého pog Onpovpyel véo €pOTAUOTO GYETIKG HE TN onupocio g
Qeo@opLAimong ¢ Aurora-B om oepivn 331 wote va emitevyBel n emddpHmon
TOV HEPOTEMK®V TPocdécewV kol Tov mhavo poro twv Mpsl war Chkl ot
BovAaTmon  KOPKIWVIKGOV — KLTTAP®V  HE  TOVTOXPOVI)  YPNON  QOPUAK®V  TOL
INANTPLaLovy TN TOTIKY ATPOKTO.

‘Eva gpotpa mov mpokdmtel eivan mwg m Aurora-B amoctabepomotel Tig
AovOOOUEVEG TPOGOEGELS TOV UIKPOCOANVIOK®V 6TOVG Kivntoywpovs. 'Eva and ta
povtéha mpoteivel 61t M Aurora-B  @tével otov e£mTepikd KvnToy®po, OmOv
TPOYUOTOTOLOVVTIOL Ol TPOGOEGELS, HECM OlAYLONG KL £TGL PTAVEL TO, VITOGTPMUOTE
™G 0tav ot adeApol kKivnroywpot Bpickovror ved yoaunin tdon (Cheeseman et al.,
2002; Liu et al., 2009; Pinsky et al., 2006; Wang et al., 2011). H powcpopviimpévn

Aurora-B evtomiCetonl omoKAEIOTIKA GTOVS KIVNTOXYDPOLG KL Ol GTO KEVIPOUEPECS
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oLuVeEnMC umopel vo amotedel o Aemt pOOwon ¢ aAAnAemidopaong petaSd
HUIKPOCOANVICK®V KOl KIVNTOXDOP®V, GE CUUO®VIOL HE GAAEC HEAETEC Ol OTOlEg
éociEav mpdopata OTL o pikpn mwoocotnto. TG Aurora-B  evromiletar otovg
Kivnroyopovg (Andrews et al., 2004; DeLuca et al., 2011; Liu et al., 2009). Erniong,
&yovpe el OTL N PWSPOPLAIwoN otn oepivn 331 peldveral and TV TPOUETAPOON
OTN UETAPAOT] KOl 0T 1 LElWON Hmopel va SIEVKOADVEL TN ONUOVPYIo AUPITEAKOV
TPOGOECEMV LEIDVOVTAG T1 POCPOPLAIMCT] T®V LIOCTP®UAT®Y TG Aurora-B otov
e€mTepKd Kivnroydpo Ommg M oepivn 55 g Hecl. Qotdco, oe avrtiBeon pe
oepivn 55 tg Hecl, n o¢woeopvAioon ot oepivy 331 g Aurora-B dev
eCapavifeton Tedelmwg ot pETdPOoN KL 0VTO pmopel vo emtpénel TV emdopHmon
TOV AAVOUCUEVOV TPOCOECEMV OKOUO KOl apyd oTn WHiT®on Yo mopdoetypo
HewvovTag TV avacTtaltikn eoc@opvAiinon e MCAK ot cepivn 196 (Andrews
et al., 2004; DeLuca et al., 2011; Lan et al., 2004).

[MToArég xwvboeg ocvumepriopPavopévov tov Chkl, Aurora-B xor Mpsl
amottovvTol Yo ETdOpBmon TV AavOUoUEVOV TPOCIECEMV KOl GOGTY AELTovpyia
tov spindle checkpoint (Abrieu et al., 2001; Ditchfield et al., 2003a; Hauf et al.,
2003b; Santaguida et al., 2011; Zachos et al., 2007). Méypt tdpa OU®S 0 pOAOG TNG
Chkl oty emddpbwon TV HEPOTEAIKDY TPOCOECEMY OEV NTAV  YVOOTOC.
Avaotoleic tng Chkl, avantdccovral kot dokipudloviotr Hovol Tovg 1} 6€ GLVIVACUO
HE AALOVG OVOOTOAELS 0 KAWVIKEG OOKIUEG TPOKEUEVOL VO ELOGHNTOTOMGOVY TA
KopKwvikd kottapa oty avikapkivikn Oepaneio (Patil et al., 2013). Ot avactoAeic
¢ Chkl pmopovv va ctoxevocovv otig Aettovpyieg g Chkl katd ™ dudpkea g
pitoong site pdvol tovg €ite 6 GLVILACUO PE OVTYUTOTIKE QAPUOKO TPOKEUEVOL
va endyovv AGON o100 S®PICUO TOV YPOUOCOUATOV OTO KOPKIVIKE KOTTOPO Kot
Bavatmon avtdv (Kops et al., 2005). H mapovca perkétn deiyvel véeg Aettovpyieg g
Chk1 ka1 g Mps1 oty emddpbwon tov Aabdv, ot omoieg Ba pmopodoav va £yovv

TOAD oNUAVTIKG aroteAéopata 6t Oepaneio Tov Kapkivov.
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Summary

If uncorrected, merotelic kinetochore attachments can induce mis-segregated chromosomes in anaphase. We show that checkpoint
kinase 1 (Chkl) protects vertebrate cells against merotelic attachments and lagging chromosomes and is required for correction of
merotelic attachments during a prolonged metaphase. Decreased Chk1 activity leads to hyper-stable kinetochore microtubules, unstable
binding of MCAK, Kif2b and Mpsl1 to centromeres or kinetochores and reduced phosphorylation of Hecl by Aurora-B. Phosphorylation
of Aurora-B at serine 331 (Ser331) by Chkl is high in prometaphase and decreases significantly in metaphase cells. We propose that
Ser331 phosphorylation is required for optimal localization of MCAK, Kif2b and Mpsl to centromeres or kinetochores and for Hecl
phosphorylation. Furthermore, inhibition of Mpsl activity diminishes initial recruitment of MCAK and Kif2b to centromeres or
kinetochores, impairs Hecl phosphorylation and exacerbates merotelic attachments in Chk1-deficient cells. We propose that Chk1 and
Mpsl jointly regulate Aurora-B, MCAK, Kif2b and Hecl to correct merotelic attachments. These results suggest a role for Chk1 and

Mpsl in error correction.

Key words: Chk1, Aurora-B, Mps1, Merotelic, Mitosis

Introduction

Accurate chromosome segregation during mitosis requires that
sister kinetochores attach to microtubules emanating from
opposite spindle poles [bipolar attachment or bi-orientation
(Cimini, 2008; Tanaka, 2013)]. Merotelic attachments in which
a single kinetochore binds to microtubules coming from both
poles occur spontaneously in early mitosis and are not detected
by the mitotic spindle checkpoint, the mechanism that prevents
anaphase onset until all sister kinetochores bi-orient (Cimini,
2008; Tanaka, 2013). If uncorrected before anaphase, merotelic
attachments will lead to lagging chromosomes, typically
consisting of a single sister chromatid, and can result in
chromosome mis-segregation and aneuploidy (Cimini et al.,
2001; Cimini et al., 2003).

The chromosomal passenger complex (CPC), comprising
Aurora-B kinase, INCENP, Survivin and Borealin, plays a
central role in correction of kinetochore mis-attachments
(Tanaka, 2013; van der Waal et al.,, 2012a). Inhibition of
Aurora-B activity increases the frequency of merotelic and
syntelic attachments, in which sister kinetochores are bound to
microtubules coming from the same spindle pole, and leads to
hyper-stable kinetochore microtubules (kMTs; (Hauf et al., 2003;
Cimini et al., 2006; Knowlton et al., 2006). It has been proposed
that Aurora-B promotes detachment of incorrectly attached
microtubules by phosphorylating kinetochore substrates to
promote turnover of kMTs; however, the molecular pathways
involved are a matter of active investigation (Cheeseman et al.,
2002; Cimini et al., 2006; Pinsky et al., 2006; Akiyoshi et al.,
2010).

The microtubule-depolymerising kinesins MCAK and Kif2b
destabilize kMTs to correct mis-attachments (Kline-Smith et al.,

2004; Manning et al., 2007; Bakhoum et al., 2009). MCAK
localizes to several mitotic structures including spindle poles,
centromeres in the absence of tension or kinetochores in the
presence of tension (Andrews et al., 2004; Manning et al., 2007).
MCAK promotes turnover of kMTs in metaphase cells and
depletion of MCAK correlates with chromosome mis-segregation
(Kline-Smith et al., 2004; Bakhoum et al., 2009). Furthermore,
Aurora-B phosphorylates MCAK to recruit it to centromeres and
inhibits its microtubule depolymerization activity (Andrews et al.,
2004; Lan et al., 2004; Knowlton et al., 2006; Tanenbaum et al.,

2011).
Kif2b localizes to spindle poles, microtubules and
kinetochores where it regulates kMT dynamics during

prometaphase and Aurora-B promotes localization of Kif2b to
kinetochores by an undescribed mechanism (Manning et al.,
2007; Bakhoum et al., 2009). However, in metaphase, Kif2b is
replaced by the astrin, SKAP and Ska protein complexes at
kinetochores to promote kMT stability and chromosome
alignment (Manning et al., 2010; Schmidt et al., 2010; Chan
et al., 2012).

Furthermore, Aurora-B phosphorylates the kinetochore protein
Hecl on several N-terminal residues including serine 55 (Ser55)
and serine 44 (Ser44) to promote detachment of kMTs (DeLuca
etal., 2006; DeLuca et al., 2011). Hecl mediates kMT attachments
and expression of non phosphorylatable Hecl increases merotelic
attachments and anaphase lagging chromosomes (Cheeseman
et al., 2006; DeLuca et al., 2006). In addition, mitotic Hecl
phosphorylation is high in prometaphase and decreases
significantly in metaphase cells (DeLuca et al., 2011).

Checkpoint kinase 1 (Chk1) is a well established component in
the DNA damage and DNA replication pathways (Smith et al.,
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2010). Chk1 is also required for optimal chromosome segregation
and for spindle checkpoint signalling during unperturbed mitosis
or treatment of cells with taxol (Zachos et al., 2007; Peddibhotla
et al., 2009). Chk1 phosphorylates Aurora-B at Ser331 to induce
Aurora-B kinase activity; however, a role for Chkl in error
correction has not been previously reported (Petsalaki et al.,
2011).

Mpsl kinase is required for mitotic arrest in the presence of
unattached kinetochores, proper chromosome alignment and
segregation (Abrieu et al., 2001; Stucke et al., 2002; Jelluma
et al., 2008a; Hewitt et al., 2010; Santaguida et al., 2010). Recent
studies have shown that Mpsl phosphorylates Borealin to
enhance Aurora-B kinase activity (Jelluma et al., 2008b; Saurin
et al.,, 2011); however, other studies did not detect changes in
Aurora-B activity upon Mpsl inhibition. Instead, Aurora-B
activity was required for optimal localization of Mpsl to
kinetochores (Hewitt et al., 2010; Maciejowski et al., 2010;
Santaguida et al., 2010). However, a role for Mpsl in preventing
merotelic attachments has not been previously described.

In the present study, using human cells depleted of Chkl by
small interfering RNA (siRNA) and DT40 avian B-lymphoma
cells in which Chkl was genetically ablated by gene targeting
(Zachos et al., 2003), we show that Chkl protects against
anaphases with merotelic attachments and lagging chromosomes
and is required for correction of merotelic attachments in
metaphase-delayed cells. Reduced Chkl activity leads to hyper-
stable kMTs and Chkl is required for stable binding of MCAK,
Kif2b and Mpsl to centromeres or kinetochores and for mitotic

phosphorylation of Hecl on Ser55 and Ser44. Furthermore,
Aurora-B phosphorylated at Ser331 localizes at kinetochores and
this phosphorylation is high in prometaphase and decreases
significantly in metaphase cells. Using cells overexpressing wild-
type or non-phosphorylatable Ser331 to alanine (S331A) mutant
Aurora-B (Petsalaki et al., 2011), we propose that Ser331
phosphorylation is required for optimal MCAK, Kif2b and Mps1
localization to centromeres or kinetochores and for Hecl
phosphorylation. Furthermore, inhibition of Mpsl activity or
Mpsl depletion diminish initial recruitment of MCAK and Kif2b
to centromeres or kinetochores, impair mitotic Hecl
phosphorylation and exacerbate merotelic attachments and
lagging chromosomes in Chkl-deficient cells. On the basis of
those findings, we propose that Chkl and Mps1 jointly regulate
Aurora-B, MCAK, Kif2b and Hecl functions to promote
correction of merotelic attachments.

Results

Chk1-deficient cells exhibit high levels of anaphases with
merotelic attachments and lagging chromosomes

To investigate a role for Chkl in preventing anaphases with
merotelic attachments, human colon carcinoma BE cells
transiently transfected with negative siRNA (control), Chkl
siRNA (siChkl) or treated with the selective Chkl inhibitor
UCN-01 were analyzed by confocal microscopy. Depletion of
Chkl1 or inhibition of Chkl activity by UCN-01 increased the
frequency of anaphases with merotelic attachments (13.3% and
13.4%, respectively) compared to controls (3.9%; Fig. 1A,B).

Fig. 1. Chkl is required for correction of merotelic attachments

in metaphase-delayed cells. (A,B) BE cells were transfected with
negative siRNA (control) or Chkl siRNA (siChkl) or were treated
with UCN-01 for 3 hours. (A) Examples of anaphases. A single
sister centromere is connected to microtubules from both spindle

poles. Green, a-tubulin; red, CENP-B; blue, DNA. Insets show
magnified centromeres. Scale bars: 5 um. (B) Frequencies of
anaphases with merotelic attachments. A minimum of 50 anaphases
were analyzed for each of three independent experiments.

(C) Frequencies of anaphases with lagging chromatin in wild-type
(WT), Chkl™’~, kinase-dead (KD) or revertant (Rev) DT40 cells. A
minimum of 80 anaphases were analyzed for each of three
independent experiments. (D,E) Frequencies of anaphases with
merotelic attachments (D) or lagging chromosomes (E) in BE cells
transfected as in A and analyzed in anaphase in the absence of drug
treatment (—MG132) or after recovery from a 3-hour MG132
treatment (+MG132). A minimum of 50 (D) or 90 (E) anaphases

were analyzed for each of three independent experiments; 7, total
number of anaphases tested. (F) Inhibition of Chkl reduces
sensitivity of kMTs to nocodazole. BE cells were treated with
MG132 for 3 hours in the absence (control) or presence of UCN-01
and exposed to high concentrations of nocodazole. Microtubule-
associated fluorescence intensities were normalized to the 2-minute
10 time point. A minimum of 10 mitotic cells were analyzed for each
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Furthermore, Chk1 depletion or treatment of cells with UCN-01
increased the frequency of anaphases with lagging chromosomes
(15.1% and 14%, respectively) compared to controls (4.7%) and
lagging chromosomes typically consisted of a single chromatid
localized near the cell equator (supplementary material Fig.
S1A,B).

To verify these observations in a different cell type, we used
wild-type DT40 cells (WT), Chkl-deficient DT40 cells
(ChkI™™), Chkl™"~ cells reconstituted with avian wild-type
Chkl protein (revertant cells, Rev), or Chkl™’~ cells
reconstituted with mutant aspartic acid 130 to alanine (D130A)
avian Chkl protein (kinase-dead cells, KD; supplementary
material Fig. SI1C). Chkl™’~ or KD cells exhibited higher
incidence of anaphases with lagging chromatin (30.3% and
33.8%, respectively) compared to WT (7.6%) or Rev (12.5%;
Fig. 1C). Furthermore, 18/80 (22.5%) Chkl '~ cells in anaphase
exhibited merotelic attachments compared to 1/80 (1.3%) WT
and 3/80 (3.8%) Rev (supplementary material Fig. S1D). Taken
together, these results show that Chkl activity prevents
anaphases ~ with  merotelic  attachments and lagging
chromosomes in vertebrate cells.

Chk1 is required for correction of merotelic attachments in
metaphase-arrested cells

Lagging chromosomes can be caused by inefficient correction of
merotelic attachments before anaphase. To investigate a role for
Chkl in error correction, control or Chkl-deficient cells were
treated with the proteasome inhibitor MG132 for 3 hours to
prolong metaphase (Cimini et al., 2003). At the end of this
treatment, the drug was washed out and cells were released in
fresh medium for the appropriate time to accomplish metaphase
to anaphase transition, prior to fixation for analysis by confocal
microscopy. In control BE cells, delayed anaphase onset by
MG132 reduced the frequency of anaphases with merotelic
attachments (0.6%) or lagging chromosomes (0.6%) compared to
cells progressing into anaphase without MG132 delay (3.9% and
5.7%, respectively; Fig. 1D,E). In contrast, treatment of Chkl-
depleted cells with MG132 did not reduce anaphases with
merotelic attachments (17.2%) or lagging chromosomes (20.3%)
compared to untreated (13.3% and 16.3%, respectively;
Fig. 1D,E).

Furthermore, treatment of DT40 cells with MG132 reduced the
frequency of anaphases with lagging chromatin in WT cells (1%)
compared to untreated (6.7%), but not in Chkl '~ cells compared
to untreated (32.8% and 28.8%, respectively; supplementary
material Fig. SIE). Collectively, these results suggest that Chk1
is required for correction of merotelic attachments before
anaphase.

Inhibition of Chk1 leads to hyper-stable kinetochore
microtubules

Hyper-stable kMTs associate with increased kinetochore mis-
attachments (Cimini et al., 2006; Bakhoum et al., 2009).
Importantly, BE cells arrested in metaphase with MG132 and
treated with UCN-01 exhibited delayed depolymerization of
kMTs in the presence of high doses of nocodazole, indicating
hyper-stable ~ kMTs, compared to controls (Fig. IF;
supplementary material Fig. S2A). These results suggest that
Chk1 kinase activity is required for optimal stability of kMTs.

Chk1 is required for localization of MCAK and Kif2b to
centromeres or kinetochores
MCAK and Kif2b destabilize kMTs. Confocal microscopy
analysis of BE cells in prometaphase transiently expressing
MCAK:GFP showed that depletion of Chk1 reduced MCAK:GFP
staining at centromeres/kinetochores by ~78% compared to
controls (P<<0.001; Fig. 2A). As a positive control, treatment of
cells with the Aurora-B inhibitor VX680 (VX) reduced
MCAK:GFP staining at centromeres/kinetochores by 91%
compared to controls (P<<0.001; Fig. 2A). Also, in metaphase
cells, depletion of Chkl reduced MCAK:GFP staining at
kinetochores by 86% compared to controls (P<<0.001; Fig. 2B).
Furthermore, BE cells in prometaphase transiently expressing
Kif2b:GFP exhibited reduced localization of Kif2b:GFP to
kinetochores after Chkl depletion or VX680 treatment by,
respectively, 81% and 94% compared to controls (P<<0.001;
Fig. 2C). Significantly, MCAK:GFP or Kif2b:GFP levels per se
were not affected by Chkl depletion (Fig. 2D). Taken together,
these results show that Chk1 is required for optimal localization
of MCAK and Kif2b to centromeres or kinetochores during
unperturbed mitosis, i.e. in the absence of spindle poisons.

Chk1 is required for Hec1 Ser55 and Ser44 phosphorylation
Phosphorylation of Hecl at SerS5 (pS55) and Serd4 (pS44)
destabilises kinetochore—microtubule attachments. BE control
cells in prometaphase exhibited phosphorylated Ser55 at
kinetochores and this phosphorylation was reduced after Chkl
depletion or VX680 treatment by, respectively, 81% and 84%
compared to controls (P<<0.001; Fig. 3A; supplementary material
Fig. S2B). Furthermore, control cells in metaphase exhibited
reduced phosphorylation of Ser55 at kinetochores by 55%
compared to prometaphase controls (P<<0.001; Fig. 3B;
supplementary material Fig. S2B). Significantly, depletion of
Chkl1 further reduced pS55 kinetochore staining in metaphase
cells by 71% compared to controls (P<<0.001; Fig. 3B;
supplementary material Fig. S2B). In addition, Chkl-depleted
or VX680-treated cells in prometaphase exhibited reduced Hecl
Ser44 phosphorylation by, respectively, 86% and 89% compared
to controls (P<<0.001; supplementary material Fig. S2C). Of note,
Ser55 and Ser44 phospho-antibodies cross-reacted with the
spindle poles and this staining was non-specific (DeLuca et al.,
2011). Taken together, these results show that Chkl is required
for optimal phosphorylation of Hecl Ser55 and Ser44 in mitosis.

Phosphorylation of Aurora-B Ser331 at kinetochores is
high in prometaphase and decreases in metaphase cells
Chkl phosphorylates Aurora-B on Ser331. Phosphorylated
Ser331 colocalized with CENP-A and Hecl at kinetochores in
prometaphase and metaphase cells (Fig. 3C; supplementary
material Fig. S3A). Significantly, quantification of pS331/
CENP-A and pS331/Hecl kinetochore fluorescence intensities
revealed a, respectively, 53% and 57% decrease in phospho-
Ser331 kinetochore staining from prometaphase to metaphase
cells (P<<0.001; Fig. 3C; supplementary material Fig. S3A). In
comparison, depletion of Chkl further diminished phospho-
Ser331 kinetochore staining in metaphase cells by 94% compared
to controls (Fig. 3C); however, it did not reduce total Aurora-B
centromere staining (P=0.76; supplementary material Fig. S3B).
Please note that the Ser331 phospho-antibody cross-reacted with
the spindle poles and this staining was non-specific (Petsalaki
et al., 2011).
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BE control (142, 6)
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Fig. 2. Chkl is required for localization of MCAK:GFP
and Kif2b:GFP to centromeres or kinetochores.

(A,B) Localization of MCAK:GFP in prometaphase (A) and
metaphase (B) cells. BE cells expressing MCAK:GFP were
transfected with negative siRNA (control) or Chkl siRNA
(siChk1) or were treated with VX680 (VX) for 3 hours. Green,
MCAK:GFP; red, CENP-B; blue, DNA. (C) Localization of
Kif2b:GFP in prometaphase cells. BE cells expressing
Kif2b:GFP were treated as in A. Green, Kif2b:GFP; red,
CENP-B; blue, DNA. Boxed values show mean GFP/CENP-B
fluorescence intensity. Values in brackets represent

Chk1 = =

kinetochore pairs quantified, followed by the number of cells

actin = @ =

b= 50 kDa analyzed. Insets show magnified kinetochores. (D) Western
blot analysis of total GFP, Chkl and actin in BE cells
b= 40 kDa expressing MCAK:GFP or Kif2b:GFP and transfected as in A.

Phosphorylation of Ser331 prevents merotelic attachments
and lagging chromosomes in anaphase

To investigate a role for Ser331 phosphorylation in preventing
merotelic attachments, CHO cells expressing 6xMyc-tagged
wild-type or S331A Aurora-B under control of a Tetracycline-
induced promoter were analyzed by confocal microscopy
(Petsalaki et al., 2011). After induction with Tetracycline, 67/
300 (22.3%) of CHOS**'™ cells exhibited anaphases with
merotelic kinetochore attachments compared to 3/300 (1%) of
CHOWT cells (P<0.001; Fig. 3D). Furthermore, 109/300
(36.3%) of CHO®**'* cells exhibited anaphases with lagging
chromosomes compared to 17/300 (5.7%) of CHOW!' cells
(P<<0.001; supplementary material Fig. S3C). Please note that
CENP-B localizes to kinetochores in CHO cells (Cooke et al.,
1990). These results suggest that phosphorylation of Aurora-B
Ser331 prevents anaphases with merotelic attachments and
lagging chromosomes.

Phosphorylation of Ser331 is required for localization of
MCAK and Kif2b to centromeres or kinetochores

To investigate the significance of Ser331 phosphorylation for
MCAK and Kif2b localization, CHOY" and CHO>*'* cells
transiently expressing MCAK:GFP or Kif2b:GFP were induced
with Tetracycline and analysed by confocal microscopy. In
prometaphase cells, expression of Aurora-BS**'*  reduced
localization of MCAK:GFP to centromeres or kinetochores by
72% compared to CHOYT (P<0.001; Fig. 4A). In comparison,
treatment of CHOWT cells with VX680 or UCN-01 reduced
MCAK:GFP  staining at centromeres/kinetochores by,
respectively, 82% and 80% compared to controls (P<<0.001;

Scale bars: 5 um.

Fig. 4A; supplementary material Fig. S3D). Also, CHO**'A

cells in metaphase exhibited diminished localization of
MCAK:GFP to kinetochores by 80% compared to CHOW'
(P<0.001; Fig. 4B).

Furthermore, expression of Aurora- or treatment of cells
with VX680 reduced localization of Kif2b:GFP to kinetochores
in prometaphase by, respectively, 84% and 92% compared to
controls (P<<0.001; Fig. 4C). Taken together, these results
suggest that Aurora-B Ser331 phosphorylation is required for
optimal localization of MCAK and Kif2b to centromeres or
kinetochores.

S331A
B

Phosphorylation of Ser331 is required for Hec1
phosphorylation

Furthermore, after induction with Tetracycline, CH cells
in prometaphase exhibited reduced Hecl Ser55 phosphorylation
at kinetochores by 73% compared to CHO™' (P<0.001;
Fig. 4D). In comparison, treatment of CHOY' cells with
VX680 or UCN-01 diminished phospho-Ser55 kinetochore
staining by, respectively, 83% and 82% compared to controls
(P<<0.001; Fig. 4D; supplementary material Fig. S4A,C).

In addition, CHO™T cells in metaphase exhibited reduced
phosphorylation of Ser55 at kinetochores by 56% compared to
prometaphase CHOYT (P<0.001; supplementary material Fig.
S4B,C). Significantly, expression of Aurora-BS**'* further
reduced phospho-Ser55 kinetochore staining in metaphase by
67% compared to CHOVT (P<0.001; supplementary material
Fig. S4B,C). Taken together, these results suggest that
phosphorylation of Ser331 is required for optimal
phosphorylation of Hecl SerS5S5.

S331A
(0]
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BE siChk1 (251, 9)

Additive effects from inhibition of Mps1 and Chk1 depletion
Mpsl is required for chromosome segregation. Inhibition of
Mpsl activity by AZ3146 (AZ) in BE cells transfected with
negative siRNA (control + AZ) increased the frequency of
anaphases with merotelic attachments (64.6%) and lagging
chromosomes (70%) compared to controls (2.6% and 5.2%,
respectively; Fig. 5A; supplementary material Fig. S4D-F).
Importantly, combined Chkl depletion with AZ3146 treatment
(siChkl + AZ) further increased anaphases with merotelic
attachments (76.4%) and lagging chromosomes (83.8%)
compared to control + AZ cells (Fig. 5A; supplementary
material Fig. S4F). These results show that inhibition of Mpsl
and Chkl1 depletion exhibit an additive effect on anaphases with
merotelic attachments and lagging chromosomes.

Inhibition of Mps1 impairs localization of MCAK and Kif2b
to centromeres or kinetochores

Treatment with AZ3146 or depletion of Mpsl by siRNA
(siMps1; supplementary material Fig. S4G) reduced localization
of MCAK:GFP to centromeres/kinetochores in prometaphase
cells by 54% or 57%, respectively compared to controls
(P<0.001; Fig. 5B; supplementary material Fig. S5A).
Significantly, combined Chkl depletion with AZ13146 or
siMps1 treatment further diminished MCAK:GFP staining at
centromeres/kinetochores by 88—89% compared to AZ13146 or
siMpsl alone (P<<0.001; Fig. 5B; supplementary material Fig.
S5A). Furthermore, cells treated with AZ3146 exhibited
metaphases with misaligned chromosomes and MCAK:GFP
staining at kinetochores was reduced by 61% compared to
controls (P<<0.001; Fig. 5C). These results show that Chkl and

. »
N
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§ o

Fig. 3. Chkl is required for optimal Hecl Ser55
phosphorylation. (A,B) Phosphorylation of Hecl Ser55 in
prometaphase (A) or metaphase cells (B). BE cells were
transfected with negative siRNA (control) or Chkl siRNA
(siChk1) or were treated with VX680 (VX) for 3 hours.
Boxed values show mean pS55/Hecl fluorescence intensity.
Green, pS55; red, Hecl; blue, DNA. (C) Ser331
phosphorylation in BE cells transfected as in A. Boxed values
show mean pS331/CENP-A fluorescence intensity. Green,
pS331; red, CENP-A; blue, DNA. Values in brackets
represent kinetochore pairs quantified, followed by the
number of cells analyzed. (D) Example of an anaphase with
merotelic kinetochore attachments in a CHOS*' cell
induced with Tetracycline. A single kinetochore is connected
to microtubules from both spindle poles. Green, o-tubulin;
red, CENP-B; blue, DNA. Insets show magnified
kinetochores. Scale bars: 5 um.

Mpsl jointly regulate localization of MCAK to centromeres or
kinetochores during unperturbed mitosis.

Furthermore, treatment of cells with AZ3146, siMpsl or
combined Chkl depletion with AZ3146 or siMpsl treatment
reduced localization of Kif2b:GFP to kinetochores by 95-96%
compared to controls (P<<0.001; Fig. 5D; supplementary material
Fig. S5B). Importantly, MCAK:GFP or Kif2b:GFP levels per se
were not affected by AZ3146 treatment in the absence or
presence of Chkl siRNA (Fig. 6A). Taken together, these results
show that Mps1 activity is required for optimal localization of
MCAK and Kif2b to centromeres or kinetochores.

Mps1 activity is required for initial binding and Chk1 for
maintenance of MCAK to centromeres

To investigate whether Chkl and Mpsl are required for
prolonged binding or initial recruitment of MCAK and Kif2b
to centromeres or kinetochores, cells were incubated with taxol, a
spindle drug that stabilizes kinetochore—microtubule attachments
and reduces tension at kinetochores (Schiff and Horwitz, 1980;
Yang et al., 2009). MG132 was also added to the culture medium
to prevent mitotic exit of cells after Chkl depletion or AZ3146
treatment (Schmidt et al., 2005; Zachos et al., 2007).

After treatment with taxol and MG132 for 6 hours, localization
of MCAK:GFP to centromeres in control + AZ cells was
reduced by 52% compared to controls (P<<0.001; Fig. 6B,D).
Furthermore, depletion of Chkl, combined Chkl depletion with
AZ3146 treatment, or combined transfection of negative siRNA
with VX680 treatment (control + VX) reduced MCAK:GFP
staining at centromeres by 90-96% compared to control cells
(P<0.001; Fig. 6B,D).
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Surprisingly, after treatment with taxol and MG132 for 1 hour,
Chkl1-depleted and control cells exhibited similar levels of
MCAK:GFP at centromeres (P=0.48; Fig. 6C,D). These results
show that Chk1-depleted cells treated with taxol are capable of
MCAK:GFP binding and that it is MCAK maintenance at
centromeres, rather than its initial recruitment, that is affected in
Chk1-depleted cells. In contrast, control + AZ, control + VX or
siChkl + VX cells treated with taxol and MG132 for 1 hour
exhibited diminished MCAK:GFP staining at centromeres by 53—
57% compared to controls (P<<0.001; Fig. 6C,D). These results
suggest that Mpsl activity is required for optimal initial binding
of MCAK to centromeres in the presence of taxol.

Mps1 activity is required for initial recruitment and Chk1
for maintenance of Kif2b to kinetochores

Furthermore, after treatment with taxol and MG132 for 6 hours,
localization of Kif2b:GFP to kinetochores in Chkl-depleted,
control + AZ, control + VX, or siChk1l + AZ cells was reduced by
89-93% compared to controls (P<<0.001; Fig. 7A,C).
Significantly, after treatment with taxol and MG132 for 1 hour,
Chkl1-depleted and control cells exhibited similar levels of
Kif2b:GFP at kinetochores (P=0.71; Fig. 7B,C). However,
treatment of cells with AZ3146, VX680 or combined Chkl
depletion with AZ3146 treatment diminished Kif2b:GFP
kinetochore staining by 89-93% compared to controls

CHOS™I (171,7)

.31 £ 0.

S55

Fig. 4. Expression of S331A Aurora-B diminishes
localization of MCAK:GFP and Kif2b:GFP to centromeres
or kinetochores and reduces Hecl Ser55 phosphorylation.
(A,B) Localization of MCAK:GFP in prometaphase (A) or
metaphase cells (B). Tetracycline-induced CHO™ " or
CHOS#'™ cells expressing MCAK:GFP were untreated or
treated with VX680 (VX) for 3 hours. (C) Localization of
Kif2b:GFP. Tetracycline-induced CHOW" or CHOS*'* cells
expressing Kif2b:GFP were as in A. Boxed values show mean
GFP/CENP-B fluorescence intensity. Green, GFP; red, CENP-
B; blue, DNA. (D) Hecl Ser55 phosphorylation. Tetracycline-
induced CHOY™ or CHOS*' cells were as in A. Boxed values
show mean pS55/Hecl fluorescence intensity. Green, pS55;
red, Hecl; blue, DNA. Values in brackets represent kinetochore
pairs quantified, followed by the number of cells analyzed.
. Insets show magnified kinetochores. Scale bars: 5 pm.

|2
06

(P<0.001; Fig. 7B,C). These results show that Chkl is
required for maintenance, but not initial binding of Kif2b to
kinetochores in the presence of taxol. These results also show that
Mpsl activity is required for initial recruitment of Kif2b to
kinetochores.

Mps1 is required for Hec1 Ser55 phosphorylation
Furthermore, treatment of BE cells with AZ3146 or combined
Chkl depletion with AZ3146 treatment reduced Hecl Ser55
phosphorylation at kinetochores by 74% in prometaphase and by
65—-69% in metaphase compared to controls (P<<0.001; Fig. 8A;
supplementary material Fig. S5C). In addition, in the presence of
taxol and MG132 for 1 hour, phospho-Ser55 kinetochore staining
in Chkl-depleted, control + AZ, or siChkl + AZ cells was
reduced by 78-81% compared to controls (P<0.001;
supplementary material Fig. S5D). Collectively, these results
show that Mpsl activity is required for optimal phosphorylation
of Hecl at Ser55 during unperturbed mitosis or treatment with
taxol.

Chk1 is required for stable binding of Mps1 to kinetochores
Inhibition of Mpsl1 significantly increases its own abundance at
kinetochores (Hewitt et al., 2010). To investigate a role for Chkl
in Mpsl localization, BE cells were treated with AZ3146 and
analyzed in prometaphase by confocal microscopy. Depletion of
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Chk1 reduced Mpsl staining at kinetochores by 84% compared to
controls (P<<0.001; Fig. 8B). In comparison, treatment with
VX680 diminished Mpsl staining at kinetochores by 90%
compared to controls (P<<0.001; Fig. 8B). These results show
that Chkl is required for optimal localization of Mpsl to
kinetochores in the absence of spindle poisons.

Furthermore, after treatment with taxol, MG132 and AZ3146
for 1 hour, Chk1-depleted cells exhibited reduced Mps1 staining
at kinetochores by 58% compared to controls (P<<0.001; Fig. 8C)
thus showing that kinetochores in Chkl-depleted cells are
capable of weakened Mpsl binding. Significantly, treatment
with taxol, MG132 and AZ3146 for 6 hours, diminished Mpsl
kinetochore staining in Chk1-depleted cells by 94% compared to
controls (P<<0.001; supplementary material Fig. SSE). These
results indicate that Chkl1 is required for stable binding of Mpsl
to kinetochores in the presence of taxol.

Phosphorylation of Ser331 is required for Mps1
localization to kinetochores

Furthermore, after induction with Tetracycline and treatment
with AZ3146, CHOS**'* cells transiently expressing Mps1:GFP
exhibited reduced Mps1:GFP staining at kinetochores by 79%
compared to CHOVT (P<0.001; Fig. 8D). These results suggest
that Aurora-B Ser331 phosphorylation is required for optimal
localization of Mpsl to kinetochores. In contrast, treatment of BE
cells with AZ3146 did not significantly alter Ser331

Fig. 5. Additive effects from inhibition of Mps1 and Chkl.
(A) Frequencies of anaphases with merotelic attachments. BE
cells transfected with negative siRNA (control) or Chkl siRNA
(siChk1) were untreated or treated with AZ3146 (AZ) for 3 hours
and analyzed in anaphase. Values are mean * s.d. from three
independent experiments. A minimum of 60 anaphases were
analyzed for each experiment. n, total number of anaphases
tested. (B-D) Localization of MCAK:GFP (B,C) or Kif2b:GFP
(D). BE cells expressing MCAK:GFP or Kif2b:GFP were treated
as in A in the absence or presence of Mpsl siRNA (siMps1).
Boxed values show mean GFP/CENP-B fluorescence intensity.
Green, GFP; red, CENP-B; blue, DNA. Values in brackets
represent kinetochore pairs quantified, followed by the number
of cells analyzed. Insets show magnified kinetochores.

Scale bars: 5 um.

phosphorylation at kinetochores compared to controls (P=0.44;
supplementary material Fig. S6). In comparison, UCN-01
treatment reduced phospho-Ser331 kinetochore staining by 89%
compared to controls (P<<0.001; supplementary material Fig.
S6).

Discussion

Recent studies in yeast (Pinsky et al., 2009; Vanoosthuyse and
Hardwick, 2009) and vertebrate cells (Maldonado and Kapoor,
2011; Santaguida et al., 2011; Saurin et al., 2011) have shown
that potent inhibition of Aurora-B weakens the mitotic arrest in
the presence of many unattached kinetochores and suggest
that Aurora-B contributes to spindle checkpoint signalling
independently of error correction. This is an actively debated
issue (Yang et al., 2009), it is therefore important to understand
Aurora-B regulation and downstream signalling during error
correction. We previously showed that Chkl phosphorylates
Aurora-B at Ser331 and this phosphorylation is required for
optimal spindle checkpoint function (Zachos et al., 2007;
Petsalaki et al., 2011). In the present study, we show that Chkl
protects against anaphases with merotelic attachments and
lagging chromosomes and 1is required for correction of
merotelic attachments in metaphase-delayed cells. Spindle
checkpoint defects can result in anaphases with mono-attached
or syntelically attached chromosomes and both sister chromatids
delivered to one daughter cell (Kops et al., 2005). It is therefore
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unlikely that spindle checkpoint failure accounts for anaphases
with merotelic attachments in Chkl1-deficient cells. Instead, our
data suggest a novel role for Chkl in correction of mis-attached
kinetochores. Furthermore, we show that Chkl activity is
required for optimal stability of kMTs, for localization of
MCAK and Kif2b to centromeres or kinetochores and for Hecl
Ser55 and Ser44 phosphorylation.

Aurora-B phosphorylated at Ser331 colocalizes with CENP-A
and Hecl at kinetochores, in agreement with recent studies
showing a small population of Aurora-B at kinetochores (Posch
et al., 2010; DeLuca et al., 2011; Petsalaki et al., 2011).
Significantly, Aurora-B Ser331 phosphorylation is high in
prometaphase and decreases in metaphase cells, thus suggesting
a role for Ser331 phosphorylation in chromosome bi-orientation
(DeLuca et al., 2011). Furthermore, using cells overexpressing
wild-type or non-phosphorylatable mutant S331A Aurora-B we
propose that Ser331 phosphorylation and complete Aurora-B
activation is required for optimal localization of MCAK and
Kif2b to centromeres or kinetochores and mitotic Hecl
phosphorylation during correction of merotelic attachments
(Petsalaki et al., 2011).

We also show that inhibition of Mpsl induces merotelic
attachments and anaphase lagging chromosomes and exhibits an

B control + AZ = control + VX

Fig. 6. Mps1 activity is required for initial binding and Chkl
for maintenance of MCAK:GFP to centromeres. (A) Western
blot analysis of total GFP, Chkl and actin. BE cells expressing
MCAK:GFP or Kif2b:GFP were transfected with negative siRNA
(control) or Chk1 siRNA (siChk1) and treated with AZ3146 for
3 hours. (B,C) Localization of MCAK:GFP. BE cells expressing
MCAK:GFP were transfected as in A and treated with taxol and
MG132 in the absence or presence of AZ3146 (AZ) or VX680
(VX) for 6 hours (B) or for 1 hour (C). Boxed values show mean
GFP/CENP-B fluorescence intensity. Green, GFP; red, CENP-B;
blue, DNA. Values in brackets represent kinetochore pairs
quantified, followed by the number of cells analyzed. Insets show
magnified centromeres. Scale bars: 5 um. (D) GFP/CENP-B

L fluorescence intensity at centromeres in cells from B and C.
taxol 6h

Values are mean + s.d.

additive effect with Chkl1 depletion. To our knowledge, this is the
first report describing a role for Mpsl in preventing merotelic
attachments. Furthermore, inhibition of Mpsl diminishes
localization of MCAK and Kif2b to centromeres or kinetochores
and reduces Hecl Ser55 phosphorylation during unperturbed
mitosis. Aurora-B phosphorylates Hecl Ser55 and MCAK and
Kif2b localization depend on Aurora-B kinase activity (Andrews
et al., 2004; DeLuca et al., 2006; Bakhoum et al., 2009). One
possibility is that Mpsl phosphorylates Borealin to enhance
Aurora-B activity towards specific substrates (such as Hecl) or
after certain treatments (Jelluma et al., 2008b; Sliedrecht et al.,
2010) but not others (Hewitt et al., 2010; Maciejowski et al., 2010;
Santaguida et al., 2010); however, further experiments are required
to fully support this idea.

Furthermore, using taxol, a drug that stabilizes kinetochore—
microtubule attachments, we demonstrate that Mps1 activity is
required for initial recruitment and Chk1 for sustained, but not
initial, binding of MCAK and Kif2b to centromeres or
kinetochores in prometaphase cells (Schiff and Horwitz, 1980;
Yang et al., 2009). This is consistent with our findings that a
population of Chkl-depleted cells is capable of weakened
binding of MCAK and Kif2b to centromeres or kinetochores
during unperturbed mitosis. In addition, we propose that Chkl
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Fig. 7. Mpsl1 activity is required for initial binding and Chk1
for maintenance of Kif2b:GFP to kinetochores.

(A,B) Localization of Kif2b:GFP. BE cells expressing
Kif2b:GFP were transfected with negative siRNA (control) or
Chk1 siRNA (siChk1) and treated with taxol and MG132 in the
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activity and Aurora-B Ser331 phosphorylation are required for
stable binding of Mpsl1 to kinetochores, in agreement with recent
findings that Aurora-B regulates localization of Mpsl (Hewitt
et al., 2010; Santaguida et al., 2010). Our results are consistent
with a feedback mechanism between Mpsl and Aurora-B rather
than a strictly linear pathway in which one kinase is upstream of
the other (Jelluma et al., 2008b; Hewitt et al., 2010; Santaguida
et al., 2010). Significantly, inhibition of Mpsl did not reduce
phosphorylated Ser331 at kinetochores (Jelluma et al., 2008b;
Santaguida et al., 2010; van der Waal et al., 2012b).

On the basis of those findings, we propose the following model
for the role of Chkl and Mpsl in correction of merotelic
attachments (Fig. 8E). Chkl phosphorylates Aurora-B Ser331
and this phosphorylation is required for sustained binding of
MCAK and Kif2b to centromeres or kinetochores, optimal
phosphorylation of Hecl at Ser44 and Ser55 and correction of
merotelic attachments before anaphase. Furthermore, Chkl
promotes stable binding of Mpsl to kinetochores by
phosphorylating Aurora-B Ser331. In turn, Mpsl1 is required for
initial recruitment of MCAK and Kif2b to centromeres or
kinetochores and mitotic Hecl phosphorylation, perhaps through
phosphorylating Borealin. Our model raises several important
questions regarding regulation of MCAK and Kif2b by Mps1 and
Chkl1, the significance of Ser331 phosphorylation for specific

taxol 6 h

absence or presence of AZ3146 (AZ) or VX680 (VX) for

6 hours (A) or 1 hour (B). Boxed values show mean GFP/
CENP-B fluorescence intensity. Green, GFP; red, CENP-B;
blue, DNA. Values in brackets represent kinetochore pairs
quantified, followed by the number of cells analyzed. Insets
show magnified kinetochores. Scale bars: 5 um. (C) GFP/
CENP-B fluorescence intensity at kinetochores in cells from A
and B. Values are mean * s.d.

correction of kinetochore mis-attachments and the potential role
of Chkl and Mpsl! in tumour cell killing by anti-mitotic agents.

Mpsl and Chkl regulate initial binding and maintenance,
respectively, of MCAK and Kif2b to centromeres or kinetochores.
One possibility is that Chkl and Mpsl regulate MCAK/Kif2b
localization through modulating Aurora-B catalytic activity
(Jelluma et al., 2008b; Petsalaki et al., 2011) and that different
levels of Aurora-B activity are required for recruitment versus
maintenance of MCAK and Kif2b. However, inhibition of Mpsl,
Chkl or simultaneous inhibition of both kinases resulted in similar
levels of Aurora-B activity as judged by Hecl Ser55 or CENP-A
Ser7 phosphorylation in the presence of taxol (Petsalaki et al.,
2011). Alternatively, phosphorylation of Borealin by Mpsl and
increased binding of Survivin to the CPC by Ser331
phosphorylation may influence substrate affinity of Aurora-B
(Vader et al., 2006; Petsalaki et al., 2011). Furthermore, an Aurora-
B-independent role for Mpsl in MCAK/Kif2b localization and
error correction cannot be formally excluded. Mpsl
phosphorylation targets include yeast Madl (Hardwick et al.,
1996), yeast Ndc80/Hecl (Kemmler et al., 2009) and vertebrate
CENP-E mitotic proteins (Kim et al., 2010); however, a role for
these phosphorylations in error correction has not been established.

Furthermore, Chk1-deficient cells treated with taxol for 1 hour
exhibit MCAK and Kif2b staining at centromeres and
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MCAK  Kif2b

kinetochores despite reduced Mpsl kinetochore levels. One
possibility is that the amount of Mpsl that remains bound to
kinetochores is sufficient to recruit MCAK and Kif2b.
Alternatively, Mpsl may regulate MCAK and Kif2b
localization without being present at the kinetochore
(Maciejowski et al., 2010; Liu and Winey, 2012).

How does Aurora-B specifically destabilize erroneous kMT
attachments? One model proposes that Aurora-B creates a
phosphorylation gradient by diffusing away from the
centromere and can only reach its outer kinetochore substrates
when sister kinetochores are under reduced tension (Cheeseman
et al., 2002; Pinsky et al., 2006; Liu et al., 2009; Wang et al.,
2011). Phosphorylation at Ser331 may therefore contribute to
formation of a steep Aurora-B activity gradient between inner
and outer kinetochore to fine-tune regulation of kinetochore—

microtubule interactions (van der Waal et al., 2012a).
Furthermore, reduced phosphorylation of Ser331 from
prometaphase to metaphase may facilitate formation of

amphitelic attachments by reducing phosphorylation of outer
kinetochore Aurora-B substrates such as Hecl, while still
allowing some levels of kMT turnover to ensure error
correction late in mitosis, for example by diminishing the
inhibitory phosphorylation of MCAK (Andrews et al., 2004; Lan
et al., 2004; DeLuca et al., 2011).

Several kinases including Chkl, Mpsl and Aurora-B are
required for error correction and optimal spindle checkpoint

Mpsl ‘\ 1[)5331
/1\1&4‘4/]1855

_
) 1.06 £ 0.13 C
. BE control (370, 13)- BE control + AZ (246,8)| 09820.14

Fig. 8. Chkl is required for stable binding of Mpsl1 to
kinetochores. (A) Inhibition of Mpsl reduces Hecl Ser55
phosphorylation. BE cells transfected with negative siRNA
(control) or Chk1 siRNA (siChk1) were untreated or treated with
AZ3146 (AZ) for 3 hours. Boxed values show mean pS55/Hecl
fluorescence intensity. Green, pS55; red, Hecl; blue, DNA.
(B-D) Localization of Mpsl. (B) BE cells transfected as in A
were treated with AZ3146 (AZ) or VX680 for 3 hours. (C) BE
cells transfected as in A were treated with taxol, AZ3146 (AZ)
and MG132 for 1 hour. Boxed values show mean Mps1/Hecl
fluorescence intensity. Green, Mpsl; red, Hecl; blue, DNA.
(D) CHOY™ or CHOS**' cells expressing Mps1:GFP were
induced with Tetracycline and treated with AZ3146 (AZ) for

3 hours. Boxed values show mean GFP/Hecl fluorescence
intensity. Green, GFP; red, Hecl; blue, DNA. Values in brackets

Hecl represent kinetochore pairs quantified, followed by the number

ﬁ_/

correction of merotelic
attachments

of cells analyzed. Insets show magnified kinetochores. Scale
bars: 5 um. (E) Model for correction of merotelic attachments by
Chk1 and Mpsl (see Discussion for details). p indicates
phosphorylation.

signalling, thus suggesting that mechanisms that regulate and
monitor kinetochore—microtubule attachments are intertwined at
the molecular level (Ditchfield et al., 2003; Santaguida et al.,
2010; Elowe, 2011). Importantly, reducing the levels of certain
proteins that have dual roles in checkpoint activation and
chromosome bi-orientation can sensitize tumour cells to low
levels of anti-mitotic drugs by enhancing chromosome mis-
segregation (Kops et al., 2005; Janssen et al., 2009). Further
understanding of the role of Chkl and Mpsl1 in error correction
may provide new prospects for improving cancer treatment.

Materials and Methods

Antibodies and plasmids

Monoclonal antibody against Chk1 (G-4) and polyclonal antibodies against CENP-
B, GFP (FL) and TTK (Mpsl; C-19) were from Santa Cruz Biotechnology.
Monoclonal anti-Hecl (9G3) and polyclonal anti-Aurora-B (ab2254) antibodies
were from Abcam. Monoclonal antibodies against o-tubulin (DM1A) and actin
(AC-40) were from Sigma, polyclonal antibody against avian CENP-O was from
MBL and monoclonal anti-CENP-A (3-19) was from GeneTex. Anti-pS331 rabbit
polyclonal antiserum against phosphorylated Ser331 of human Aurora-B was
previously described (Petsalaki et al., 2011). Anti-pS55 and anti-pS44 rabbit
polyclonal antibodies against phosphorylated Ser55 and Ser44 of Hecl were gifts
from J. DeLuca (DeLuca et al., 2011) and SMP1.1 sheep polyclonal antiserum
against Mps1 was from S. Taylor (Tighe et al., 2008).

Plasmid MCAK:GFP coding for human MCAK fused to GFP was a gift from J.
Swedlow (Andrews et al., 2004) and Kif2b:GFP plasmid coding for human Kif2b
fused to GFP was from B. Orr and D. Compton (Bakhoum et al., 2009). Plasmid
Mps1:GFP coding for human Mps1 fused to GFP was a gift from S. Taylor (Hewitt
et al., 2010).
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Cell culture and treatments

Chkl-deficient avian B-lymphoma DT40 cells (Chkl™’"), Chkl™’~ cells
expressing exogenous avian wild-type Chkl encoded by a transfected transgene
(revertant cells) or Chkl™’~ cells reconstituted with D130A avian Chk1 (kinase-
dead cells) were as described (Zachos et al., 2003). The D130A mutant Chkl
protein shows an altered electrophoretic mobility but sequencing of the expression
construct has confirmed that the D130A is the only mutation (Bourke et al., 2007).
Chinese hamster ovary CHO™T and CHOS®'” cells expressing 6xMyc-tagged
human wild-type or S331A mutant Aurora-B respectively under control of
Tetracycline-induced transgenes were previously described (Petsalaki et al., 2011).

Human colon carcinoma BE cells were grown in DMEM (GIBCO) containing
10% foetal bovine serum and CHO cells in Ham’s F12 (GIBCO) supplemented
with 10% foetal bovine serum, at 37°C, 5% CO,. DT40 cells were cultured in
DMEM containing 10% foetal bovine serum, 1% chicken serum, 107> M B-
mercaptoethanol, at 39.5°C, 5% CO,.

Cells were treated with 25 nM taxol (AppliChem), 10 pg/ml MG132 (Merck),
300 nM VX680 (Selleckchem), 300 nM UCN-01 (Sigma), or 2 uM AZ3146
(Axon) as appropriate. To induce expression of Aurora-B transgenes, CHOV" or
CHOS3'™ cells were treated with 17 ng/ml or 30 ng/ml Tetracycline (Sigma)
respectively for 16 hours prior to analysis or further treatment with drugs
(Petsalaki et al., 2011). Addition of Tetracycline stimulated accumulation of
6xMyc-Aurora-BY" or 6xMyc-Aurora-BS**'* at approximate levels 10-fold-
higher than the endogenous protein and this level of expression was shown to
disrupt endogenous Aurora-B functions while maintaining correct localization of
6xMyc-Aurora-B to centromeres (Petsalaki et al., 2011).

Negative siRNA or siRNA duplexes designed to repress human TTK (Mpsl1) or
Chk1 (Dharmacon) were transfected into BE cells 24-48 hours prior to analysis
using Lipofectamine 2000 (Invitrogen). The siRNA sequences are available on
request.

For expression of GFP proteins, plasmids were transfected into cells in the
absence or presence of appropriate siRNA duplexes 48 hours prior to analysis or
further treatment with drugs using Lipofectamine 2000 (Invitrogen).

Recovery from MG132

Cells were treated with 10 pg/ml MG132 (Merck) for 3 hours. At the end of the
treatment, cells were washed three times for 5 minutes with 37°C medium,
cultured in fresh medium for 30-60 minutes and fixed as described below.
Preliminary experiments had shown that many of the cells had accomplished
metaphase to anaphase transition in 30-60 minutes and were observed in
anaphase.

Nocodazole sensitivity assay

Cells were treated with 10 pg/ml MG132 for 3 hours in the absence or presence of
300 nM UCN-01. At the end of the treatment, 500 ng/ml nocodazole was added to
cells for various times, cells were fixed in paraformaldehyde in cytoskeleton buffer
and analysed by confocal microscopy as described below. Images were collected at
0.2 um stacks over 10-um depth, merged using Leica LCS Lite software and
microtubule-associated fluorescence for each mitotic cell was quantified by
analyzing an equal image area using Image J (NIH). To investigate stability of
kMTs, microtubule-associated fluorescence values were normalized to the
2 minute time point because, after 2 minutes in nocodazole, the majority of
non-kinetochore-microtubules is depolymerized as determined by confocal
microscopy (supplementary material Fig. S2A).

Indirect immunofluorescence microscopy

For phospho-Hecl (pS55 or pS44) staining, cells were pre-fixed in pre-warmed
(37°C) 4% paraformaldehyde in Hecl-PHEM buffer (60 mM PIPES, 25 mM
HEPES, 10 mM EGTA, 2 mM MgCl, pH 6.9) for 10 seconds at room
temperature, permeabilised in pre-warmed (37°C) Hecl-PHEM supplemented
with 1% Triton X-100 and 100 nM microcystin (Sigma) for 5 minutes at room
temperature, fixed in pre-warmed (37 °C) 4% paraformaldehyde in Hec1-PHEM for
20 minutes at room temperature, washed twice with phosphate-buffered saline
(PBS) supplemented with 0.1% Triton X-100 and immunostained (DeLuca et al.,
2011).

For pS331 staining, cells were rinsed twice in Phem buffer (60 mM PIPES,
25 mM HEPES pH 7.0, 10 mM EGTA, 4 mM MgSO,), extracted in Phem
supplemented with 0.5% CHAPS and 100 nM Microcystin (Sigma) for 5 minutes
at room temperature, fixed with cold methanol for 5 minutes at —20°C, washed
twice with PBS and immunostained (Petsalaki et al., 2011).

To depolymerise the majority of non-kinetochore-microtubules and visualize
merotelic attachments, cells were incubated in ice-cold medium for 15 minutes at
4°C, pre-fixed in pre-warmed (37°C) 4% paraformaldehyde in Phem buffer
(60 mM PIPES, 25 mM HEPES pH 7.0, 10 mM EGTA, 4 mM MgSO,) for
10 seconds at room temperature, permeabilized in pre-warmed (37°C) Phem
supplemented with 0.5% Triton X-100 for 5 minutes at room temperature, fixed in
pre-warmed (37°C) 4% paraformaldehyde in Phem for 20 minutes at room
temperature, washed twice with PBS and immunostained (Silkworth et al., 2009).

For all other fluorescence microscopy applications including nocodazole
sensitivity assays, cells were fixed in 4% paraformaldehyde in cytoskeleton
buffer (1.1 M Na,HPOy4, 0.4 M KH,PO,, 137 mM NaCl, 5 mM KCI, 2 mM
MgCl,, 2 mM EGTA, 5 mM PIPES, 5 mM Glucose, pH 6.1) for 5 minutes at
37°C, permeabilised in 0.5% Triton X-100 in cytoskeleton buffer at room
temperature and immunostained as appropriate (Zachos et al., 2007).

Fluorescein- (FITC) or Rhodamine-TRITC-conjugated secondary antibodies
(Jackson ImmunoResearch) were used as appropriate, DNA was stained with
10 uM [TO-PRO-3 Iodide (642/661)] (Invitrogen) and cells were mounted in
Vectashield medium (Vector laboratories). Images were collected using a Leica
TCS SP2 laser scanning spectral confocal microscope, Leica LCS Lite software
and a 63xApochromat 1.40 NA oil objective. The Leica 11513859 low
fluorescence immersion oil used was used and imaging was performed at room
temperature. Average projections of image stacks were obtained using the Leica
LCS Lite software.

To analyze fluorescence intensities, background readings were subtracted and
fluorescence intensities quantified using Leica LCS Lite. The GFP values were
normalized against the CENP-B or the Hec1 signal, the pS55 and pS44 against the
Hecl signal, the pS331 against the CENP-A signal and the Mpsl1 against the Hecl
signal. Several kinetochore pairs per cell from a minimum of three cells per
experiment from two independent experiments were analyzed for each treatment.

Western blotting

Cells were lysed in ice-cold whole-cell extract buffer (20 mM HEPES, 5 mM
EDTA, 10 mM EGTA, 0.4 M KCl, 0.4% Triton X-100, 10% Glycerol, 5 mM NaF,
1 mM DTT, 5 ug/ml Leupeptin, 50 ug/ml PMSF, 1 mM Benzamidine, 5 pg/ml
Aprotinin, 1 mM Na3;VO,) for 30 minutes on ice. Lysates were cleared by
centrifugation at 15,000 g for 10 minutes and analyzed by SDS PAGE.

Statistical analysis
The P-values were calculated using the Student’s #-test.
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Phosphorylation at serine 331 is required for

Avurora B activation

Eleni Petsalaki,' Tonia Akoumianaki,' Elizabeth J. Black,? David A.F. Gillespie,? and George Zachos'

'Department of Biology, University of Crete, Heraklion 71409, Greece
“The Beatson Insfitute for Cancer Research, Glasgow G61 1BD, Scotland, UK

urora B kinase activity is required for successful

cell division. In this paper, we show that Aurora B

is phosphorylated at serine 331 (Ser331) dur-
ing mitosis and that phosphorylated Aurora B localizes to
kinetochores in prometaphase cells. Chk1 kinase is essen-
tial for Ser331 phosphorylation during unperturbed pro-
metaphase or during spindle disruption by taxol but not
nocodazole. Phosphorylation at Ser331 is required for
optimal phosphorylation of INCENP at TSS residues, for
Survivin association with the chromosomal passenger
complex, and for complete Aurora B activation, but it is

Introduction

The conserved kinase Aurora B is an important regulator of
mitotic cell division (Carmena et al., 2009). Aurora B forms the
catalytic core of the chromosomal passenger complex (CPC),
which includes the regulatory proteins INCENP, Survivin, and
Borealin (Carmena et al., 2009). The CPC associates with the
centromere from prophase until metaphase and transfers to the
spindle midzone in anaphase and the midbody in late cyto-
kinesis, and Aurora B localization requires all three regulatory
subunits of the CPC (Carvalho et al., 2003; Honda et al., 2003;
Jeyaprakash et al., 2007). Furthermore, Survivin directly inter-
acts with Aurora B and the N terminus of INCENP and medi-
ates targeting of the CPC to chromosomes (Wheatley et al.,
2001; Vader et al., 2006; Kelly et al., 2010).

Aurora B has a well-established function in promot-
ing release of misattached kinetochore microtubules until
bipolar attachment is achieved (Tanaka et al., 2002; Liu et al.,
2009). Furthermore, Aurora B is required for cleavage furrow
ingression (Fuller et al., 2008), and impaired Aurora B activ-
ity correlates with chromosome misalignment in metaphase,
missegregated chromosomes during anaphase, and failure of
cytokinesis (Adams et al., 2001; Ditchfield et al., 2003).
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Abbreviation used in this paper: CPC, chromosomal passenger complex.
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dispensable for Aurora B localization to centromeres, for
autophosphorylation at threonine 232, and for associa-
tion with INCENP. Overexpression of Aurora BS3'4, in
which Ser331 is mutated to alanine, results in spontane-
ous chromosome missegregation, cell multinucleation,
unstable binding of BubR1 to kinetochores, and impaired
mitotic delay in the presence of taxol. We propose that
Chk1 phosphorylates Aurora B at Ser331 to fully induce
Aurora B kinase activity. These results indicate that phos-
phorylation at Ser331 is an essential mechanism for
Aurora B activation.

Aurora B is also involved in the spindle checkpoint, a
surveillance mechanism that delays anaphase until all chro-
mosomes are correctly bioriented; however, its precise role is
a matter of active investigation (Nezi and Musacchio, 2009).
In budding yeast, Ipl1/Aurora is required for spindle check-
point function in response to a lack of tension across attached
kinetochores (Biggins and Murray, 2001; Cheeseman et al.,
2002). In higher eukaryotic cells, catalytic activity of Aurora B
is required for recruitment of checkpoint protein BubR1 to
kinetochores and sustained mitotic arrest in the absence of
tension (Ditchfield et al., 2003; Lampson and Kapoor, 2004).
Furthermore, recent studies in yeast (Pinsky et al., 2009;
Vanoosthuyse and Hardwick, 2009) and vertebrate cells
(Maldonado and Kapoor, 2011; Santaguida et al., 2011; Saurin
et al., 2011) have shown that potent inhibition of Aurora B
activity weakens the mitotic arrest in the presence of many
unattached kinetochores.

Aurora B is associated with INCENP throughout the cell
cycle; however, Aurora B kinase activity peaks in mitosis
(Bolton et al., 2002). Activation of Aurora B occurs through a
two-step mechanism: in the first step, Aurora B binds to the

© 2011 Petsalaki et al. This article is distributed under the terms of an Attribution—
Noncommercial-Share Alike-No Mirror Sites license for the first six months after the pub-
lication date (see http://www.rupress.org/terms). After six months it is available under a
Creative Commons License (Aftribution-Noncommercial-Share Alike 3.0 Unported license,
as described at http://creativecommons.org/licenses/by-nc-sa/3.0/).
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Figure 1. Chk1 phosphorylates Aurora B at Ser331. (A) Chk1 in vitro kinase assay. (top) Autoradiography analysis (*2P) of phosphorylated (phospho)
Aurora BX®. (bottom) Western blot (WB) analysis of total Aurora B¥C. (B) Mapping the Chk1 phosphorylation site. (top) Amino acids inclusive and surrounding
Ser331 (S**') showing N terminal trypsin and glutamyl endopeptidase cleavage sites. (bottom left) HPLC analysis of radiolabeled Aurora BX® after diges-
tion with trypsin. The main radioactive fraction is indicated by an arrowhead. (bottom right) Edman degradation analysis of the phosphopeptide from
the main radioactive fraction. The graph shows radioactivity released from the membrane. (C) Chk1 in vitro kinase assay using purified proteins Aurora BV
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C-terminal IN box sequence of INCENP spanning amino acids
822-900 (human numbering) and is autophosphorylated at thre-
onine 232 (Thr232) within its activation loop (Honda et al., 2003;
Yasui et al., 2004). This step represents an intermediate state of
Aurora B activation in which the Aurora B C-terminal tail sta-
bilizes an open conformation of the catalytic cleft (Sessa et al.,
2005). In the second step, Aurora B phosphorylates INCENP in
trans at two adjacent serine residues of the conserved TSS se-
quence (Bishop and Schumacher, 2002; Honda et al., 2003).
Phosphorylation of the TSS motif and release of the Aurora B
C-terminal tail through an undescribed mechanism generate the
fully active kinase (Sessa et al., 2005). TD-60, microtubules,
and priming phosphorylation of Aurora B substrates by Plk1
and haspin catalyze the first step of Aurora B activation in vitro
(Rosasco-Nitcher et al., 2008). Furthermore, local clustering
at chromosomes stimulates Aurora B autoactivation, and Mps1
kinase phosphorylates Borealin to enhance Aurora B activity by an
unknown mechanism (Kelly et al., 2007; Jelluma et al., 2008).

Chk1 kinase is a well-established component in the DNA
damage and DNA replication checkpoints (Smith et al., 2010).
Furthermore, Chk1 protects cells against spontaneous chromo-
some missegregation and is required for sustained mitotic arrest
in the presence of taxol, a drug that dampens microtubule dynam-
ics and primarily interferes with kinetochore tension but not
when microtubules are completely depolymerized by nocodazole
(Zachos et al., 2007; Peddibhotla et al., 2009). Spindle check-
point failure in Chk1-deficient cells is associated with impaired
localization of BubR1 to kinetochores and reduced Aurora B
kinase activity. However, the mechanism of Aurora B regulation
by Chk1 has not been previously described (Zachos et al., 2007).

In the present study, we identify the conserved residue
serine 331 (Ser331) of human Aurora B as the Chk1 phosphory-
lation site in vitro and, using a phosphospecific antibody raised
against this site, we show that Chk1 is required for Ser331 phos-
phorylation during unperturbed prometaphase or spindle dis-
ruption by taxol but not during prophase, cytokinesis, or treatment
of cells with nocodazole. Furthermore, using cells overexpressing
wild-type or nonphosphorylatable S331A mutant Aurora B, we
propose that Ser331 phosphorylation is required for optimal phos-
phorylation of INCENP at the TSS motif, Survivin association
with the CPC, and complete Aurora B activation but not for
Aurora B localization to centromeres, phosphorylation at Thr232,
or association with INCENP. In addition, overexpression of S331A
Aurora B results in spontaneous chromosome missegregation,
cell multinucleation, defective accumulation of BubR1 at kineto-
chores, and impaired mitotic delay in response to taxol. On the
basis of these findings, we propose that Ser331 phosphorylation
by Chkl is an essential mechanism for Aurora B activation.

Results

Chk1 phosphorylates Aurora B at Ser331
in vitro

Chk1 phosphorylated kinase-dead human Aurora B (Aurora BXP)
in vitro, and this phosphorylation was abolished in the pres-
ence of the selective Chk1 inhibitor UCN-01 (Fig. 1 A). To map
the Chk1 phosphoacceptor sites, Aurora BX? was radiolabeled
by Chkl and digested with Trypsin, and the resulting pep-
tides were resolved by HPLC (Fig. 1 B). The phosphopeptide
from the main radioactive fraction was subjected to Edman
degradation, and radioactivity was released after three cycles
(Fig. 1 B). This process was repeated after digestion of radio-
labeled Aurora BXP with glutamyl endopeptidase and resulted
in a main radioactive fraction that released radioactivity after
17 cycles (Fig. S1, A and B). Ser331 is the only residue on human
Aurora B consistent with both phosphorylation patterns. There-
fore, our results suggest Ser331 is the main Chk1 phosphoryla-
tion site in vitro (Fig. 1 B).

To verify this, bacterially expressed wild-type Aurora B
(Aurora BYT), Aurora BS*!" harboring a nonphosphorylatable
mutation of Ser331 to alanine (S331A), or Aurora BT, in
which threonine 179 was changed to alanine (negative control)
was used as a substrate in Chk1 in vitro kinase assays. Mutation
of Ser331 to alanine or inhibition of Chkl activity by UCN-01
markedly reduced substrate phosphorylation compared with
Aurora BYT (Fig. 1, C and D). In comparison, phosphorylation
of Aurora B"A by Chkl was similar to Aurora BY" (Fig. 1,
C and D). These results show that Chk1 phosphorylates human
Aurora B at Ser331 in vitro.

Multiple sequence alignment demonstrated that Ser331
is conserved in Aurora B proteins from different species and
also in human Aurora C, an Aurora paralogue that exhibits
structural properties similar to Aurora B and can perform re-
lated mitotic functions in the absence of Aurora B (Fig. 1 E;
Han et al., 2007; Slattery et al., 2009). Ser331 is located at the
foot of the Aurora B C-terminal tail, which interacts with the
IN box of INCENP in the partially active complex (Fig. 1 F;
Sessa et al., 2005).

To further investigate Ser331 phosphorylation, an
antiphospho-Ser331 (anti-pS331) antiserum was raised against
the human protein sequence. As shown in Fig. 1 G, this anti-
serum recognized Aurora BXP phosphorylated by Chk1 in vitro,
and immunoreactivity was abolished after substrate treat-
ment with \ protein phosphatase (Fig. 1 G, A-PPase) or incuba-
tion of the antiserum with the phosphorylated (Fig. 1 G, pep
pS331) but not the unphosphorylated (Fig. 1 G, pep S331) syn-
thetic peptides.

(wild type [WT]), Aurora BS*3'4 (S331A), or Aurora B™7?A (T179A) as substrates. (top) Autoradiography analysis. (bottom) Western blot analysis of the reac-
tions. (D) Densitometric analysis of Chk1 in vitro kinase assay from C. Radioactive labeling of the wild-type protein was plotted as 100%. Error bars show
the standard deviation from the mean from three independent experiments. (E) Alignment of Aurora B and human Aurora C (h AurC) protein sequences.
Ser331 is marked by asterisk. (F) View of Xenopus Aurora B-INCENP”7-#4” (blue and magenta ribbons, respectively) in complex with hesperadine (ball

and stick model). Ser®*”

of Xenopus Aurora B (equivalent of human Ser331) is circled and indicated by an arrow. (G) Chk1 in vitro kinase assay. Western

blot analysis of phosphorylated (pS331) and total Aurora BXP using the anti-pS331 antiserum. \-PPase, \ protein phosphatase; pep $S331, unphosphory-

lated Ser331 synthetic peptide; pep pS331, phospho-S331 synthetic peptide.
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Figure 2. Chk1 is required for Ser331 phosphorylation during unperturbed prometaphase. (A) Ser331 phosphorylation (pS331) in BE cells during unper-
turbed mitosis. (B) Localization of pS331 and Survivin-GFP. (C) BE cells were transfected with negative siRNA (control) and Chk1 siRNA (siChk1) or treated
with UCN-OT for 16 h. The frequency of cells exhibiting the respective phenotype and mean pS331/CENP-A fluorescence intensity values (boxed numbers)
are shown. (D) Localization of total Aurora B in BE cells transfected as in C. Insets show magnified kinetochores. Bars, 5 pm.
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Table I.  pS331 fluorescence intensity values at prometaphase kinetochores
Treatment BE control BE siChk1 P-values
Fluorescence intensity n (kinetochore pairs, Fluorescence intensity n (kinetochore pairs,
(pS331/CENP-A) cells) (pS331/CENP-A) cells)
Unperturbed 1.15+0.52 196, 12 0.10 + 0.07 80, 12 P <0.01
Taxol 0.87 +0.43 188, 12 0.08 £ 0.06 174,12 P <0.01
Nocodazole 0.88 + 0.45 162,12 0.92+0.44 193,12 P=0.76

Mean fluorescence intensity values are normalized to CENP-A staining, and n represents the number of kinetochore pairs quantified followed by the number of cells

analyzed. The p-values were calculated using the Student’s f test.

Aurora B is phosphorylated at Ser331

in mitosis

Confocal microscopy analysis of BE human colon carcinoma
cells during unperturbed prometaphase showed that pS331
Aurora B was juxtaposed to CENP-A, near kinetochores (Fig. 2 A),
whereas total Aurora B localized along the extended centro-
mere as previously described (Fig. 2 D; Cooke et al., 1987).
Importantly, pS331 staining was only detectable in the pres-
ence of the protein phosphatase inhibitor microcystin, thus
suggesting that pS331 is sensitive to phosphatase activity
(Gorbsky and Ricketts, 1993). Furthermore, pS331 localized to
kinetochores during prophase and metaphase, to the midzone
in anaphase and the midbody in telophase and late cytokine-
sis (Fig. 2 A). In addition, BE cells transiently expressing Sur-
vivin fused to GFP (Survivin-GFP) exhibited pS331 juxtaposed
to Survivin-GFP, near kinetochores (Fig. 2 B). Depletion of
Aurora B expression by transient transfection of BE cells with
Aurora B siRNA (Fig. S1 C, siAurora B) impaired pS331 stain-
ing at prometaphase kinetochores (Fig. S1 D). In some cells,
pS331 staining was also detectable at centrosomes; however,
this signal persisted after depletion of Aurora B by siRNA and
was likely spurious (Fig. S1 E; Posch et al., 2010). Furthermore,
pS331 kinetochore staining was reduced after incubation of the
anti-pS331 antiserum with the phosphorylated peptide pS331
compared with the unphosphorylated peptide S331 synthetic
peptides (Fig. S1 F). These results show that pS331 localizes
to kinetochores in unperturbed prometaphase, the midzone in
anaphase, and the midbody in telophase and cytokinesis.

Chk1 is required for Ser331
phosphorylation during

unperturbed prometaphase

To investigate the role of Chkl for Ser331 phosphorylation,
BE cells transiently transfected with negative siRNA (control),
Chk1 siRNA (siChk1), or treated with UCN-01 were analyzed
by confocal microscopy (Figs. 2 C and S2 A). Depletion of
Chk1 or inhibition of Chk1 kinase activity by UCN-01 dimin-
ished pS331 staining at prometaphase kinetochores as indicated
by reduced pS331/CENP-A fluorescence intensity compared
with controls (Fig. 2 C and Tables I and S1). Significantly, im-
paired pS331 staining after Chkl depletion was not caused
by reduced levels of Aurora B expression (Fig. S2 B). Further-
more, total Aurora B localized to centromeres in all control
(22/22) and Chkl1-depleted (20/20) cells examined in pro-
metaphase (Fig. 2 D). These results show that Chk1 activity is re-
quired for optimal phosphorylation of Aurora B at Ser331 during

unperturbed prometaphase. Remarkably, depletion of Chk1 did
not detectably reduce pS331 staining compared with controls
in prophase or cytokinesis (Fig. S2, C and D).

Chk1 is required for Ser331
phosphorylation in the presence of taxol
Treatment with taxol or nocodazole activates the spindle check-
point in checkpoint-proficient cells (Zachos et al., 2007). In the
presence of taxol, Chkl-depleted BE cells exhibited impaired
pS331 staining at prometaphase kinetochores compared with
controls (Fig. 3 A and Table I). In contrast, after treatment with
nocodazole, Chkl-depleted and control BE cells exhibited
similar levels of pS331 at kinetochores (Fig. 3 B and Table I).
Importantly, total Aurora B localized to centromeres in the
presence of taxol or nocodazole in all control (17/17) and Chkl1-
depleted (20/20) cells examined in prometaphase (Fig. 3 C).
Collectively, these results show that Chk1 is required for Ser331
phosphorylation in the presence of taxol but not nocodazole.

Generation of CHO"™ and CHOS33"A cell lines
To investigate the significance of Ser331 phosphorylation for
Aurora B functions, CHO cells expressing 6xMyc-tagged
Aurora BT (CHOW") or Aurora BS*!'A (CHOS*'*) under con-
trol of a tetracycline-induced promoter were generated. Addition
of tetracycline for 824 h stimulated accumulation of 6xMyc—
Aurora BYT and 6xMyc—Aurora B53'A at approximate levels
10-fold higher than the endogenous protein (Figs. 3 D and S2 E).
This level of expression was selected to disrupt endogenous
Aurora B functions while maintaining correct localization of wild-
type 6xMyc—Aurora B to centromeres (Ditchfield et al., 2003).
After induction with tetracycline, 6xMyc—Aurora B¥T and
6xMyc—Aurora BS*!* proteins localized to centromeres during un-
perturbed prometaphase in all (30/30) cells examined (Fig. 3 E).
Similar results were obtained in the presence of taxol or nocodazole
(Fig. 3 F) in all (30/30) cells examined. Please note that CENP-B
localizes to sister kinetochores in CHO cells (Cooke et al., 1990;
Wordeman and Mitchison, 1995). Furthermore, CHO cells ex-
pressing wild-type, but not the S331A mutant, Aurora B exhibited
pS331 staining (Figs. 4 A and S2 F), and pS331 was juxtaposed
to CENP-A-GFP in prometaphase (Fig. 4 A).

Phosphorylation at Ser331 is required for
optimal Aurora B kinase activity

To investigate the significance of Ser331 phosphorylation for
Aurora B catalytic activity, CHOY" or CHOS*'* cells induced
with tetracycline were treated with taxol or nocodazole, and
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Figure 3. Chk1 is required for Ser331 phosphorylation in the presence of taxol. (A and B) BE cells transfected with negative siRNA (control) or Chk]1
siRNA (siChk1) were treated with taxol (A) or nocodazole (B) for 4 h. The frequency of cells exhibiting the respective phenotype and mean pS331/CENP-A
fluorescence intensity values (boxed numbers) are shown. (C) Localization of total Aurora B. BE cells were transfected as in A and treated with taxol
or nocodazole for 4 h. (D) Western blot analysis of 6xMyc-Aurora B (Myc) and actin in CHOYT and CHO%33'A cells after induction with tetracycline.
(E and F) Localization of 6xMyc—Aurora B proteins. Tetracycline-induced CHOW™ or CHO®**' cells were untreated (E) or treated with taxol or nocodazole

(F) for 4 h. Insets show magnified kinetochores. Bars, 5 pm.
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Figure 4. Phosphorylation of Ser331 is required for complete Aurora B activation. (A) Phosphorylation of Ser331 (pS331) during unperturbed prometa-
phase. CHOWT and CHOS3%'A cells expressing CENP-A-GFP were induced with tefracycline. (B) Immunoprecipitation kinase assay. CHOWT and CHO®®3'4
cells induced with tetracycline were untreated (un) or treated with nocodazole (nocod) or taxol for 8 h in the absence or presence of VX-680. (top) Western
blot analysis of Myc-associated phosphorylation of Ser10 of histone H3 (pH3). (bottom) Western blot of immunoprecipitated (IP) Myc. (C) Densitometric
analysis of pH3 levels from B. pH3 levels in sample 1 were arbitrarily set to 1. Error bars show the standard deviation from the mean from three indepen-
dent experiments. The p-values were calculated using the Student's t test. (D) Mitotic index of each sample from B at the time of harvesting (untreated or
shake-off cells). (E) In vitro kinase assay. Complexes of purified Chk1, Aurora B, and GSTINCENP®25-'? were incubated with histone H3, and pH3 (top)
or pS331 activities (bottom) were determined. Values show the relative levels of pH3 or pS331, and levels at O min were arbitrarily set to 1. Western
blot analysis of total H3 and Aurora B is also shown. Black lines indicate that intervening lanes have been spliced out. (F) Coimmunoprecipitation assay.
(top) Western blot analysis of immunoprecipitated (IP) éxMyc—Aurora B (Myc) and VsINCENP (Vs) after induction of CHOYT and CHO®33'* cells with
tetracycline. (bottom) Western blot analysis of total Myc, Vs, and actin. (G) Phosphorylation of Thr232 (p7232). CHO"" and CHO®**'* cells were induced
with tetracycline and treated with taxol for 4 h. The frequency of cells exhibiting the respective phenotype and mean pT232/CENP-B fluorescence intensity
values (boxed numbers) are shown. Insets show magnified kinetochores. WT, wild type. Bars, 5 pm.
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Figure 5. Phosphorylation of Ser331 is required for TSS phosphorylation. (A) Localization of INCENP-GFP. (top) CHOMT cells expressing INCENP-
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Table Il.  pS850 fluorescence intensity values at prometaphase kinetochores
Treatment CHOY cells CHOS®™A cells P-values
Fluorescence intensity n (kinetochore pairs, Fluorescence intensity  n (kinetochore pairs, cells)
(pS850/GFP) cells) (pS850/GFP)
Taxol 0.81+0.19 89,10 0.18 +0.11 81,10 P <0.01
Nocodazole 0.88 £ 0.33 88, 11 0.12+£0.10 74,10 P <0.01

Mean fluorescence intensity values are normalized to GFP staining, and n represents the number of kinetochore pairs quantified followed by the number of cells

analyzed. The p-values were calculated using the Student's t test.

mitotic cells were selectively isolated by shake off or left
untreated and harvested without shake off. Cell extracts were
analyzed for Myc-associated kinase activity against histone
H3 serine 10, a physiological substrate of Aurora B, by immuno-
precipitation kinase assays (Adams et al., 2001). As shown in
Fig. 4 B and quantified in Fig. 4 C, treatment with taxol or
nocodazole induced H3 serine 10 phosphorylation (pH3) com-
pared with untreated cells. However, pH3 activity was de-
creased in CHOS*' compared with CHOY" cells (Fig. 4,
B and C) despite similar mitotic indices in the respective samples
(untreated or shake-off cells) in both cell lines (Fig. 4 D). In
comparison, VX-680 almost completely inhibited pH3 activity
(Fig. 4, B and C).

Furthermore, we analyzed the ability of Chkl1 to enhance
Aurora B catalytic activity, indicated by pH3, in vitro (Zachos
et al., 2007). Chkl stimulated pH3 activity in the presence or
absence of GST-INCENP®***"  and this coincided with Aurora B
phosphorylation at Ser331 (Figs. 4 E and S3 A). Collectively,
these results suggest that Ser331 phosphorylation is required
for optimal Aurora B activation. Mutation of Ser331 to aspar-
tate did not restore Aurora B kinase activity in immunoprecipi-
tation kinase assays, thus suggesting that this mutation doesn’t
effectively mimic Ser331 phosphorylation in this case (unpub-
lished data).

Ser331 phosphorylation is not essential

for Aurora B binding to INCENP or

Thr232 phosphorylation

Binding to INCENP and phosphorylation at Thr232 stimulate
Aurora B activity. To investigate the significance of Ser331
phosphorylation for Aurora B association with INCENP, CHO"™,
or CHO®*' cells transiently expressing Vs-tagged human
INCENP were induced with tetracycline, Vs-INCENP was pre-
cipitated from cell extracts using an antibody against Vs, and asso-
ciated 6xMyc—Aurora B was detected by Western blotting against
Myc. As shown in Fig. 4 F, similar levels of wild-type or S331A
Aurora B precipitated with wild-type Vs-INCENPYT or mutant
Vs-INCENP?*, in which the TSS motif was changed to AAA
(Honda et al., 2003). In comparison, 6xMyc—Aurora B proteins
did not associate with truncated Vs-INCENP'~¥ lacking the

C-terminal segment for binding to Aurora B (Fig. 4 F). Further-
more, similar levels of wild-type or S331A Aurora B precipi-
tated with Vs-INCENP™T after treatment of cells with taxol or
nocodazole (Fig. S3 B). These results suggest that phosphory-
lation at Ser331 is not required for Aurora B association
with INCENP.

Furthermore, CHO cells expressing wild-type or S331A
Aurora B exhibited similar levels of phospho-Thr232 (pT232)
Aurora B at centromeres in the presence of taxol (Fig. 4 G and
Table S1) or nocodazole (Fig. S3 C and Table S1) as deter-
mined by pT232/CENP-B fluorescence intensity levels. Col-
lectively, these results suggest that phosphorylation at Ser331
is not required for Aurora B binding to INCENP or phosphory-
lation at Thr232.

Ser331 phosphorylation is required for
INCENP phosphorylation at TSS residues
Phosphorylation of the TSS motif is required for full Aurora B
activation. To investigate phosphorylation at TSS residues,
CHOW", CHO®*'*, or BE cells transiently expressing Xenopis
laevis INCENP fused to GFP (INCENP-GFP) were examined
for phosphorylation at Ser850 (pS850) inside the Xenopus
TSS motif by confocal microscopy (Knowlton et al., 2006).
INCENP-GFP colocalized with 6xMyc—Aurora B in CHO""
and CHO®**'* cells and also with endogenous Aurora B in BE
cells (Fig. 5 A and not depicted).

After induction with tetracycline and treatment with taxol
or nocodazole, CHOY" prometaphase cells exhibited pS850
staining, and pS850 partially colocalized with INCENP-GFP
near kinetochores (Fig. 5, B and C). In contrast, CHOS®' cells
exhibited diminished pS850 staining compared with controls
as shown by pS850/INCENP-GFP fluorescence intensity (Fig. 5,
B and C; and Table II).

Furthermore, BE cells expressing INCENP-GFP and
treated with UCN-01 exhibited reduced pS850 staining com-
pared with controls in the presence of taxol (Fig. S3 D and
Table S1). Remarkably, in the presence of nocodazole, both
control and UCN-0l-treated BE cells exhibited similar levels
of pS850 staining (Fig. S3 E and Table S1), and this is consis-
tent with Chk1 being required for Ser331 phosphorylation in

exhibiting the respective phenotype and mean pS850/INCENP-GFP fluorescence intensity values (boxed numbers) are shown. (D) Immunoprecipitation
kinase assay. CHOWT and CHO®**' cells expressing VsINCENP were induced with tetracycline and treated with taxol for 8 h. (top) Western blot analysis of
Vs-associated phosphorylation of Ser10 of histone H3 (pH3). (middle and bottom) Western blot analysis of immunoprecipitated Myc and Vs. Values show
the relative pH3 and Myc levels with levels at sample 1 arbitrarily set to 1. (E) Densitometric analysis of pH3 levels from D. The p-values were calculated
using the Student’s ttest. (F) Mitotic index of each sample from D at the time of harvesting. Error bars show the standard deviation from the mean from three
independent experiments. Insets show magnified kinetochores. WT, wild type. Bars, 5 pm.
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Figure 6. Expression of S331A Aurora B correlates with chromosome missegregation and impaired accumulation of BubR1 at kinetochores. (A-E) CHOW'
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the presence of taxol but not nocodazole. Collectively, these
results suggest that phosphorylation at Ser331 is required for
optimal phosphorylation of INCENP at TSS residues.

Phosphorylations at Ser331 and TSS
stimulate complete Aurora B activation

To further investigate the mechanism of Aurora B activation,
CHOW" or CHOS*'* cells transiently expressing Vs-INCENP
were treated with tetracycline and taxol, mitotic cells were se-
lectively isolated by shake off, and Vs-associated pH3 activ-
ity was determined by immunoprecipitation kinase assay. As
shown in Fig. 5 D and quantified in Fig. 5 E, cells expressing
6xMyc—Aurora B¥T/Vs-INCENP** or 6xMyc—Aurora BS54/
V5-INCENPYT exhibited reduced levels of pH3 activity com-
pared with those expressing the wild-type complex despite sim-
ilar mitotic indices in shake-off cells in all samples (Fig. 5 F).
Significantly, mutation of both Ser331 and TSS to alanine did
not further reduce pH3 activity (Fig. 5, D and E), and this is
consistent with Ser331 being required for TSS phosphoryla-
tion. In comparison, Vs-associated pH3 activity was almost un-
detectable in cells expressing truncated Vs-INCENP'™ (Fig. 5,
D and E). These results show that phosphorylations at Ser331
and TSS are required for complete Aurora B activation.

Expression of S331A Aurora B

correlates with spontaneous chromosome
missegregation, impaired accumulation

of BubR1 at kinetochores,

and cell multinucleation

Reduced Aurora B activity is associated with defects in chro-
mosome alignment, segregation, and cytokinesis. Microscopic
examination of CHOS*!* cells after induction with tetra-
cycline revealed that 20/50 (40%) of metaphases exhibited mis-
aligned chromatin (Fig. S4 A), and 23/50 (46%) of anaphases
showed one or few missegregated chromosomes (Fig. 6 A)
compared with only 5/50 (10%) and 4/50 (8%), respectively, in
CHOMT cells. Missegregated chromosomes can give rise to
micronuclei (Gisselsson, 2008). After induction with tetracycline
for 16 h, 26/136 (19%) of CHO**'* cells in interphase exhib-
ited one or few micronuclei compared with 4/121 (3%) of
CHOYT cells (Fig. 6 B).

Furthermore, CHO**'* cells induced with tetracycline
exhibited impaired accumulation of BubR1 at prometaphase
kinetochores as shown by reduced BubR1/CENP-B fluores-
cence intensity compared with controls (Fig. 6 C and Table S1).
However, BubR1 levels per se were not diminished by over-
expression of Aurora B transgenes (Fig. 6 D).

Incomplete cytokinesis can cause bi- or multinucleation
(Xu et al., 2010). In the presence of tetracycline, CHOS®' cells
exhibit a rapid increase in the bi/multinucleation index com-
pared with CHOY" cells (Figs. 6 E and S4 B). Collectively, these

results suggest that phosphorylation of Aurora B at Ser331 is
required for optimal chromosome alignment and segregation,
accumulation of BubR1 at kinetochores, and successful cyto-
kinesis in the absence of spindle poisons.

Phosphorylation of Ser331 is required

for sustained mitotic delay and BubR1
maintenance to kinetochores in the
presence of taxol

Furthermore, treatment with tetracycline and taxol induced
accumulation of CHOWT cells in mitosis as determined by micro-
scopic examination of condensed chromatin (Fig. 6 F). In
contrast, although the proportion of mitotic cells in CHOS*!4
cultures treated with taxol initially increased, this increase was
not sustained, and the mitotic index was significantly reduced
after 8-12 h compared with CHOY" cells (Fig. 6 F). Impor-
tantly, CHOY" and CHO®*'* cells treated with tetracycline
and nocodazole accumulated in mitosis with similar kinetics
(Fig. 6 G). Also, after prolonged treatment with taxol, ~30%
of CHO®*'* cells accumulated DNA content greater than 4N as
determined by flow cytometry (Fig. 6 H).

After treatment with taxol for 4 h, CHO®'* cells ex-
hibit reduced staining of BubR1 at kinetochores by approxi-
mately ninefold compared with CHOV cells as determined by
BubR1/CENP-B fluorescence intensity (Fig. 7 A and Table S1).
In contrast, after treatment with nocodazole for 4 h, CHOWT
and CHO®**'* cells exhibit similar levels of BubR1 staining at
kinetochores (Fig. 7 B and Table S1), therefore showing that
kinetochores in CHOS*! cells are capable of BubR1 binding.
Importantly, after treatment with taxol for 1 h, BubR1 was read-
ily detectable at kinetochores in CHO**'* cells, and BubR1/
CENP-B fluorescence intensity was reduced by only 1.3-fold
compared with CHO™" cells (P = 0.036; Fig. 7 C and Table S1).
These results show that BubR1 is recruited to kinetochores
in CHOS*!A cells in the presence of taxol and that it is BubR 1
maintenance at kinetochores rather than its initial recruitment
that is affected in CHOS®' cells. Collectively, these results
suggest that phosphorylation of Aurora B at Ser331 is required
for sustained mitotic delay and BubR1 maintenance at kineto-
chores in the presence of taxol.

Inhibition of Mps1 does not further reduce
Aurora B activity in Chk1-depleted cells
Mpsl enhances Aurora B activity. Depletion of Chk1 by siRNA
or inhibition of Mpsl activity by AZ3146 in BE cells treated
with taxol diminished Aurora B kinase activity by approxi-
mately threefold (P < 0.001) and 1.9-fold (P < 0.001), respec-
tively, compared with controls, as indicated by lower levels of
phosphorylated serine 7 (pS7) of CENP-A (Fig. 7 D and Table
S1; Zeitlin et al., 2001; Hewitt et al., 2010). Significantly,
treatment of Chk1-depleted cells with AZ3146 did not further

infensity values (boxed numbers) are shown. Insets show magnified kinetochores. (D) Western blot analysis of BubR1 and actin. (E) Bi/multinucleation
indices of interphase cells. A minimum of 300 cells per sample from one experiment was analyzed. TC, tetracycline. (F and G) Mitotic index analysis of
CHOWT and CHOS®' cells affer induction with tetracycline and treatment with taxol (F) or nocodazole (G). (H) Polyploidy in CHO33'A cells. CHOWT and
CHOS®¥1 cells were treated with tetracycline and taxol, and DNA content greater than 4N was determined. Error bars show the standard deviation from

the mean from three experiments. Bars, 5 pm.
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Figure 7. Cells expressing S331A Aurora B exhibit unstable binding of BubR1 to kinetochores in response to taxol. (A-C) Localization of BubR1. CHOWT
and CHOS®' cells were induced with tetracycline and treated with taxol (A and C) or nocodazole (nocod, B) for the indicated times. The frequency of
cells exhibiting the respective phenotype and mean BubR1/CENP-B fluorescence intensity values (boxed numbers) are shown. (D) Phosphorylation of Ser7
of CENP-A (pS7). BE cells transfected with negative siRNA (control) or Chk1 siRNA (siChk1) were treated with taxol for 4 h in the absence or presence
of AZ3146 (AZ) or VX-680 (VX). The frequency of cells exhibiting the respective phenotype and mean pS7/CENP-A fluorescence intensity values (boxed
numbers) are shown. Insets show magnified kinetochores. Bars, 5 pm.
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reduce Aurora B activity (Fig. 7 D). In comparison, VX-680
further diminished Aurora B activity in Chk1-depleted cells by
approximately fourfold (P < 0.001; Fig. 7 D). These results
show that combining inhibition of Mpsl with Chk1 depletion
does not exhibit an additive effect on Aurora B activity.

Phosphorylation of Ser331 is required for
optimal Survivin association with the CPC
The phenotype described for CHOS*'* cells is similar to the
phenotype reported after depletion of Survivin in human cells
(Carvalho et al., 2003). As shown in Fig. 8 (A and B), Survivin
associated with 6xMyc—Aurora B was reduced in CHOS*?'A
compared with CHOWT cells after treatment with tetracycline
and taxol. However, Survivin-GFP localized to centromeres in
all CHOYT (20/20) and CHOS**'* (25/25) cells transiently ex-
pressing Survivin-GFP in the presence of taxol (Fig. 8 C). These
results suggest that Ser331 phosphorylation is required for opti-
mal association of Survivin with the CPC but not for Survivin
localization to centromeres. Furthermore, depletion of Survivin
by siRNA (Fig. S4 C, siSurvivin) reduced accumulation of
wild-type or S331A 6xMyc—Aurora B to centromeres compared
with controls (Figs. 8 D and S4 D).

Discussion

Complete Aurora B activation occurs through a two-step
mechanism: in the first step, Aurora B binds to INCENP and
is partially activated, and in the second step, Aurora B phos-
phorylates INCENP at the TSS motif and becomes fully active
(Bishop and Schumacher, 2002). In the present study, we show
that human Aurora B is phosphorylated at the conserved residue
Ser331 during unperturbed mitosis or treatment of cells with
spindle poisons. Aurora B phosphorylated at Ser331 localizes
to kinetochores in prometaphase, the midzone in anaphase, and
the midbody in telophase and cytokinesis. Chk1 is required for
Ser331 phosphorylation during unperturbed prometaphase or
treatment of cells with taxol, a drug that stabilizes microtubules
and primarily interferes with tension at kinetochores; however,
Chk1 is dispensable for Ser331 phosphorylation during pro-
phase, cytokinesis, or complete microtubule depolymerization
by nocodazole. To our knowledge, this is the first non—T-loop
phosphorylation reported for Aurora B, and Chkl is the first
kinase known to phosphorylate Aurora B (Yasui et al., 2004).

To investigate the significance of Ser331 phosphory-
lation, we generated CHO cells expressing wild-type or S331A
Aurora B, in which Ser331 was mutated to alanine, under con-
trol of a tetracycline-induced promoter. Using the aforemen-
tioned cell lines, we proposed that phosphorylation at Ser331 is
required for efficient phosphorylation of INCENP at TSS resi-
dues and complete Aurora B activation (Honda et al., 2003).
However, it is not essential for Aurora B localization to cen-
tromeres, autophosphorylation at Thr232, or association with
INCENP (Yasui et al., 2004; Rosasco-Nitcher et al., 2008).

In agreement with previous findings, reduced Aurora B
activity in CHO®*'* cells correlates with chromosome misseg-
regation and impaired accumulation of BubR1 at kinetochores
during unperturbed mitosis (Kaitna et al., 2000; Ditchfield

et al., 2003). Furthermore, CHOS**'* cells exhibit multinu-
cleation and phenocopy DT40 cells expressing TAA mutant
INCENP, which is consistent with Ser331 being required for
TSS phosphorylation (Xu et al., 2010). In addition, overexpression
of Aurora BS**'* impaired mitotic delay and BubR 1 maintenance
to kinetochores during treatment of cells with taxol. However,
it did not diminish mitotic accumulation induced by nocodazole.
It is possible that low Aurora B activity in cells expressing
Aurora B! is sufficient for spindle checkpoint response
when microtubules are absent, whereas phosphorylation at
Ser331 and higher levels of kinase activity are required for
a robust response against taxol (Xu et al., 2009; Santaguida
etal., 2011).

Combining inhibition of Mpsl with Chkl depletion did
not exhibit an additive effect on Aurora B activity, thus sug-
gesting that Mps1 and Chkl are involved in the same step of
Aurora B activation. Mps1 phosphorylates Borealin to enhance
Aurora B activity (Jelluma et al., 2008; Sliedrecht et al., 2010).
One possibility is that phosphorylation of Borealin by Mps1 facil-
itates Ser331 or TSS phosphorylation, for example by stabiliz-
ing interactions between CPC proteins (Vader et al., 2006).
Clarifying how Borealin contributes to stimulation of Aurora B
activity is required to test this idea.

CHO®*'* exhibits lower levels of Survivin associated with
the CPC compared with CHO™T cells. Because Survivin binds
to the CPC as a monomer, we propose that Survivin association
with the partially active complex is weaker compared with the fully
active complex (Jeyaprakash et al., 2007). Furthermore, depletion
of Survivin reduced accumulation of wild-type and S331A
Aurora B to centromeres, consistent with a role for Survivin in
mediating targeting of the CPC to chromosomes (Vader et al.,
2006; Kelly et al., 2010). Our preliminary results suggest that
depletion of Survivin in CHO®**'* cells further impairs the check-
point response to taxol by reducing localization of Aurora BS**'4
to centromeres, thus further diminishing Aurora B activity at
centromeres and kinetochores.

On the basis of those findings, we propose the following
model for Aurora B activation (Fig. 8 E). Aurora B associated
with INCENP and Survivin is autophosphorylated at Thr232
and partially active. During unperturbed prometaphase or
treatment of cells with taxol, Chkl phosphorylates Aurora B
at Ser331, and this phosphorylation is required for phosphory-
lation of INCENP at the TSS motif and complete kinase acti-
vation. In contrast, cells in prophase, anaphase, and cytokinesis
or treated with nocodazole, can phosphorylate Ser331 through
an unidentified kinase (Fig. 8 E, question mark) and achieve
full Aurora B activity independently of Chkl. Furthermore,
Survivin binding to the CPC is stronger in the fully active
compared with the partially active complex, and Mpsl con-
tributes to full Aurora B activation, presumably by phosphory-
lating Borealin (for simplicity not depicted in the complex).
Our model raises several important questions regarding the
significance of Ser331 phosphorylation for Aurora B protein
conformation, the role of this phosphorylation in modulating
Survivin association with the CPC, and the potential role of
protein phosphatases and kinases in regulating phosphory-
lation of Ser331.
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Figure 8. Expression of S331A Aurora B correlates with reduced association of Survivin with the CPC. (A) Coimmunoprecipitation assay. CHO"" and
CHOS3¥1A cells were induced with tefracycline and treated with taxol for 4 h. (top and middle) Western blot analysis of immunoprecipitated (IP) Survivin
and 6xMyc—Aurora B (Myc). Values show the relative levels of Survivin and Myc with levels at CHO cells set to 1. (bottom) Western blot (WB) analysis
of total Survivin, Myc, and actin. (B) Densitometric analysis of immunoprecipitated Survivin and Myc levels from A. Error bars show the standard deviation
from the mean from three independent experiments. (C) Localization of Survivin-GFP. CHOW" and CHOS*3'* cells expressing Survivin-GFP were treated as
in A. (D) Localization of 6xMyc—Aurora B (Myc). CHO**' cells were transfected with control or Survivin siRNA (siSurvivin), induced with tetracycline, and
treated with taxol for 4 h. The frequency of cells exhibiting the respective phenotype and mean Myc/CENP-B fluorescence intensity values (boxed numbers)
are shown. (E) Model for Aurora B (AurB) activation (see Discussion for details). P, phosphorylation; S, Survivin; question mark shows an unidentified
kinase. Insets show magnified kinetochores. Bars, 5 pm.
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Serine 331 is at the foot of the Aurora B C-terminal tail
inside a sequence essential for Aurora B activation (Scrittori
et al., 2005). Phosphorylation of Ser331 may trigger release of
the Aurora B C-terminal tail, phosphorylation of the TSS
sequence, and complete Aurora B activation. Alternatively,
phosphorylation of Aurora B at Ser331 may change INCENP
conformation through an allosteric mechanism to make TSS
residues more accessible to Aurora B, and the release of the
C-terminal tail may be a consequence of TSS phosphorylation
(Sessa et al., 2005). Crystallographic analysis of an Aurora B—
INCENP complex harboring phosphorylated Ser331 is re-
quired to distinguish between these possibilities.

Aurora B phosphorylates Survivin at threonine 117
(Thr117), and mutation of Thr117 to alanine prevented immuno-
precipitation of Survivin with INCENP (Wheatley et al.,
2004, 2007). It is possible that Survivin is inefficiently phos-
phorylated at Thr117 in CHO®**'* compared with wild-type
cells. Alternatively, phosphorylation at Ser331 may regulate
Survivin association with the CPC indirectly, through changes
in conformation of Aurora B-INCENP. Increased binding of
Survivin to the fully active complex may facilitate interactions
with Aurora B substrates and enhance Aurora B catalytic activ-
ity (Bolton et al., 2002).

Ser331 appears constitutively phosphorylated under all
conditions examined. This is in agreement with a recent study
showing that Aurora B activity does not significantly change
during mitosis, based on phosphorylation of an artificial fluor-
escence resonance energy transfer probe substrate targeted to
CENP-B (Liu et al., 2009). Furthermore, Aurora B phosphory-
lated at Ser331 localizes to kinetochores, where it is presum-
ably near its substrates. This is consistent with findings that
active Aurora B efficiently promotes microtubule detachment if
tethered within the kinetochore but not the centromere (Liu et al.,
2009) and also with a recent study showing a small population
of pT232 Aurora B at kinetochores (Posch et al., 2010). Inter-
estingly, pS331 and pT232 proteins are only detectable at
kinetochores under conditions that inhibit protein phospha-
tase activity (Gorbsky and Ricketts, 1993; Posch et al., 2010).
Protein phosphatases are known to oppose Aurora B—mediated
signaling (Emanuele et al., 2008; Meadows et al., 2011), and
Sds22, a conserved regulator of Protein Phosphatase 1, was re-
cently shown to regulate Aurora B activity (Posch et al., 2010).
Identifying phosphatases that reverse Ser331 phosphorylation
and reduce Aurora B kinase activity will provide new insight
into mechanisms that silence the spindle checkpoint (Meadows
etal., 2011; Rosenberg et al., 2011).

In the absence of Chkl, other kinases mediate Ser331
phosphorylation during prophase, cytokinesis, or treatment of
cells with nocodazole. Phosphorylation of Ser331 by as yet un-
identified kinases may accelerate phosphorylated group forma-
tion when increased counteracting protein phosphatase activity
has to be overcome, for example, during assembly of the outer
kinetochore in prophase, or when Aurora B regulates large scale
events, such as formation of the cleavage furrow in cytokinesis
(Emanuele et al., 2008; Fuller et al., 2008). Identifying the full
panel of Ser331 kinases will improve our understanding of how
CPC functions are controlled in mitosis.

Materials and methods

Antibodies and peptides

Anti-pS331 antiserum was generated in rabbits by immunization against
the phosphorylated peptide pS331 (H2N-CPWVRANS[PO3H2]RRVLPPS-
CONH2) of human Aurora B (Eurogentec). The unphosphorylated peptide
S331 (H2N-CPWVRANSRRVLPPS-CONH2) was used in competition
experiments as appropriate.

Monoclonal antibodies against Chk1 (G-4), Myc (?E10), and Sur-
vivin (D-8) and polyclonal antibodies against CENP-B and pH3 were ob-
tained from Santa Cruz Biotechnology, Inc. Monoclonal antibodies against
a-tubulin (DM1A), y-ubulin (GTU-88), and actin (AC-40) were obtained
from Sigma-Aldrich. Monoclonal antibody to CENP-A (3-19) and poly-
clonal antibodies against human Aurora B (ab2254) and murine BubR1
(ab28193) were obtained from Abcam. Monoclonal (AIM-1) antibody to
Aurora B was purchased from BD, polyclonal antibody against Vs (ab3792)
was purchased from Millipore, polyclonal phospho-CENP-A (Ser7) anti-
body was purchased from Cell Signaling Technology, and polyclonal anti-
body against histone H3 (pan) was obtained from Millipore. Monoclonal
antibody against pT232 (pAB2.1) was a gift from M. Inagaki (Aichi Can-
cer Center Research Institute, Nagoya, Japan), and rabbit polyclonal anti-
serum against phosphorylated Ser850 of Xenopus INCENP was a gift from
T. Stukenberg (University of Virginia, Charlottesville, VA).

Purified proteins

Recombinant proteins histone H1, histone H3, Chk1, GSTINCENP82¢-91¢,
kinase-active Aurora B, and Aurora B*® (D200A) were obtained from Milli-
pore. Human Aurora BV, Aurora BS33', and Aurora B™7%A proteins were
expressed in BL21 (DE3) cells (Agilent Technologies), purified using the
6xHis purification kit (B-PER; Thermo Fisher Scientific), and used as sub-
strates in kinase reactions.

Mutagenesis, cloning, and generation of cell lines

Human Aurora B ¢cDNA was obtained by reverse transcription PCR by
using fotal RNA from human fibroblasts. The PCR product was introduced
as a EcoRI-Notl fragment into the pET-28a(+) vector (EMD) and completely
sequenced. Point mutations T1052G (changing Ser331 to alanine) and
A535G (changing Thr179 to alanine) were generated by site-directed
mutagenesis using the site-directed mutagenesis kit (QuikChange; Agilent
Technologies).

To produce inducible CHO™ and CHOS3*'A cell lines, wild-type or
T1052G Aurora B ¢<DNAs were subcloned as EcoRI-Notl fragments into
the 6xMyc-pcDNA3 vector (a gift from D. Kardassis, University of Crete,
Heraklion, Greece), excised with BamHI-Notl, and introduced into the
pcDNAS/FRT/TO plasmid (Invitrogen). These vectors were then trans-
fected into CHO cells (T-REx; Invitrogen) stably expressing the tetracycline
repressor together with the pTK-Hyg selection vector (Agilent Technologies)
conferring resistance to hygromycin (Invitrogen).

To generate the VsINCENPYT and VsINCENP** expression plas-
mids, human INCENP cDNA was excised with BamHI-Xhol from RH100/
pBSK INCENP or RH100/pBSK INCENP (TSS-AAA) plasmids, respectively
(gifts from E. Nigg, Biozentrum, University of Basel, Basel, Switzerland),
and cloned into the pcDNA3.1/Vs-His vector (Invitrogen). Truncated
V5INCENP'% was amplified by PCR from the RH100/pBSK INCENP plas-
mid and cloned as a BamHI-Xhol fragment info the pcDNAZ. 1/Vs-His vector.

Plasmid pCS2+ GFP INCENP coding GFP fused to Xenopus INCENP
was obtained from T. Stukenberg (Knowlton et al., 2006). Plasmid
CENP-A-GFP coding for human CENP-A fused to GFP in the pBos vector
was obtained from K. Sullivan (Centre for Chromosome Biology, University
of Ireland, Galway, Ireland; Kanda et al., 1998), and human Survivin-GFP
plasmid was obtained from W. Earnshaw (Wellcome Centre for Cell
Biology, University of Edinburgh, Edinburgh, Scotland, UK; Wheatley
etal., 2001).

Cell culture, treatments, and RNA interference

Human colon carcinoma BE cells were grown in DME (Invitrogen) containing
10% fetal bovine serum and CHO cells (TREx CHO) in Ham's F12 (Invitrogen)
supplemented with 10% fetal bovine serum. All cells were cultured at 37°C
and 5% CO,.

Cells were treated with 1 pg/ml nocodazole (Sigma-Aldrich), 1 pM
taxol (Sigma-Aldrich), 3 pM VX-680 (Kava Technology, Inc.), or 2 yM
AZ3146 (Axon) as appropriate. To induce expression of Aurora B trans-
genes, CHOWT or CHOS®*' cells were treated with 17 or 30 ng/ml tetra-
cycline (Sigma-Aldrich), respectively, for 16 h before analysis or further
treatment with drugs.
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Negative siRNA or siRNA duplexes designed to repress human
Chk1 (Thermo Fisher Scientific), human Aurora B (Thermo Fisher Scien-
tific), or rat Survivin (QIAGEN) was transfected into BE or CHO cells
48 h (siChk1), 24 h (Aurora B siRNA), or 72 h (Survivin siRNA) before
analysis or treatment with drugs using Lipofectamine 2000 (Invitrogen).
For transient expression of VsINCENP or GFP proteins, plasmids were
transfected into cells 24 h before analysis or treatment with drugs using
Lipofectamine 2000.

Immunoprecipitations and kinase assays

For Myc immunoprecipitations shown in Fig. 8 A, cells were incubated in
ice-cold E1A buffer (50 mM Hepes, pH 7.5, 150 mM NaCl, 0.1% NP-40,
5 mM EDTA, T mM PMSF, 1 mM NaF, 10 pg/ml leupeptin, 10 pg/ml apro-
tinin, 30 pg/ml RNase, 10 mM sodium B-glycerophosphate, 1 mM sodium
vanadate, and 0.1 pM microcystin) for 30 min (Harlow et al., 1986).
Approximately 1 mg cell lysate was incubated with 1 pg anti-Myc (?E10) anti-
body for 2 h followed by addition of 20 pl protein A/G PLUS-agarose
beads (Invitrogen) for 16 h at 4°C. Samples were spun down, washed
twice with E1A buffer, and analyzed by SDS-PAGE.

For the Myc immunoprecipitations shown in Fig. 4 B, cells were
sonicated 3x for 10 s in ice-cold radioimmunoprecipitation buffer (50 mM
Tris-HCI, pH 8.0, 150 mM NaCl, 1% NP-40, 0.5% deoxycholate, 0.1%
SDS, 1T mM PMSF, 1 pg/ml leupeptin, 1 pg/ml aprotinin, 30 pg/ml RNase,
20 mM sodium B-glycerophosphate, and 0.3 mM sodium vanadate).
0.3-1 mg cell lysate was incubated with 0.5 pg anti-Myc antibody for
1 h followed by addition of 20 pl protein A/G PLUS-agarose beads for
16 h at 4°C. Samples were spun down and washed twice with radio-
immunoprecipitation buffer, once with wash buffer (50 mM Tris-HCl,
pH 8.0, 0.4 M NaCl, 1% NP-40, 0.5% deoxycholate, T mM PMSF, 1 pg/ml
leupeptin, and 1 pg/ml aprotinin), and twice with Tris buffer (10 mM Tris-
HCl, pH 7.5, 150 mM NaCl, and 0.1 mM PMSF) essentially as previously
described (Honda et al., 2003).

For Vs immunoprecipitations, cells were sonicated 3x for 10 s in ice-
cold immunoprecipitation buffer (50 mM Hepes, pH 7.5, 150 mM NaCl,
1T mM EDTA, 2.5 mM EGTA, 0.1% Tween 20, 10% glycerol, 0.1 mM
PMSF, 10 mM sodium B-glycerophosphate, 0.1 mM Na3VOy,, 1 mM NafF,
10 pg/ml leupeptin, and 10 pg/ml aprotinin). 0.3-1 mg cell lysate was
incubated with 0.5 pg anti-Vs antibody for 1 h followed by addition of 20 pl
protein A/G PLUS-agarose beads for 16 h at 4°C. Samples were spun
down, washed twice with immunoprecipitation buffer, and analyzed by
SDS-PAGE (Figs. 4 F and S3 B) or included in kinase reactions (Fig. 5 D).

For Figs. 4 B and 5 D, immunoprecipitated proteins on agarose
beads were included into a 20-pl reaction containing 1 pg histone H3,
50 mM TrisHCl, pH 7.4, 10 mM MgCl,, 1 mM EGTA, 1 mM DTT, 5 mM
NaF, 5 mM sodium pglycerophosphate, 50 pM sodium vanadate, and
0.1 mM ATP (Honda et al., 2003). For Figs. 4 E and S3 A, 0.2 pg recombi-
nant kinase-active Aurora B was included into a 20-pl reaction containing
1 pg histone H3, 50 mM TrisHCl, pH 7.4, 10 mM MgCl,, 1 mM EGTA, 1 mM
DTT, 5 mM NaF, 5 mM sodium B-glycerophosphate, 50 pM sodium vana-
date, and 10 pM ATP. Where appropriate, 0.5 pg recombinant Chk1
and/or 0.2 pg GSTINCENP#2-7'¢ was included in the kinase reaction.
Unless otherwise stated, reactions were incubated for 20 min at 30°C,
stopped by addition of 2 pl 10x gel sample buffer, and analyzed by SDS-
PAGE and Western blotting using a polyclonal antibody against pH3.

For in vitro Chk1 kinase assays in Fig. 1, 0.5 pg recombinant Chk1
was incubated with 1 pg protein substrate in 20 pl kinase buffer (20 mM
MOPS, pH 7.2, 5 mM EGTA, 10 mM MgCl,, 25 mM sodium B-glycero-
phosphate, T mM sodium vanadate, 1 mM DTT, 100 pM ATP, and 1 pCi
¥-ATP) for 20 min at 30°C before analysis by SDS-PAGE. Radioactive
labeling of Chk1 substrates was determined by autoradiography and densi-
tometric analysis of the bands (Zachos et al., 2007). Where appropriate,
145 ng UCN-O1 (Sigma-Aldrich) was included in the kinase reaction.

Indirect immunofluorescence microscopy

For pS331 staining, cells were rinsed twice in PHEM buffer (60 mM Pipes,
25 mM Hepes, pH 7.0, 10 mM EGTA, and 4 mM MgSO,) extracted in
PHEM supplemented with 0.5% CHAPS and 100 nM microcystin (Sigma-
Aldrich) for 5 min at room temperature, fixed with cold methanol for 5 min
at —20°C, washed twice with PBS, and immunostained (Gorbsky and
Ricketts, 1993). For all other fluorescence microscopy applications, cells
were fixed in 4% paraformaldehyde in cytoskeleton buffer (1.1 M Na,HPO,,
0.4 M KHyPOy, 137 mM NaCl, 5 mM KCI, 2 mM MgCl,, 2 mM EGTA,
5 mM Pipes, and 5 mM glucose, pH 6.1) for 5 min at 37°C, permeabi-
lized in 0.5% Triton X-100 in cytoskeleton buffer at room temperature, and
immunostained as appropriate (Zachos et al., 2007).
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FITC- or rhodamine-TRITC—conjugated secondary antibodies (Jackson
ImmunoResearch Laboratories, Inc.) were used, DNA was stained with
10 pM TO-PRO-3 iodide (642/661; Invitrogen), and cells were mounted
in VECTASHIELD medium (Vector Laboratories). Images were collected
using a laser-scanning spectral confocal microscope (TCS SP2; Leica), LCS
Lite software (Leica), and a 63x Apochromat 1.40 NA oil objective ex-
cept for Figs. 3 B, 6 (A and B), S1, S2, and S4 A, in which a 40x Apo-
chromat 1.25 NA oil objective was used. A low fluorescence immersion oil
(11513859; Leica) was used, and imaging was performed at room tem-
perature. Unless otherwise stated, mean projections of image stacks were
obtained using the LCS Lite software.

To analyze fluorescence intensities, background readings were sub-
tracted, and fluorescence infensities were quantified using LCS Lite. The
pS331 values were normalized against the CENP-A signal, and the pS850
was normalized against the GFP signal (also see Table S1). For Table |,
four cells per experiment from three independent experiments were ana-
lyzed for each treatment. For Table II, three to four cells per experiment
from three independent experiments were analyzed for each treatment. For
Table S1, a minimum of three cells per experiment from at least two inde-
pendent experiments were analyzed for each treatment.

Mitotic and bi/multinucleation indices

Cells were fixed in 4% paraformaldehyde in cytoskeleton buffer, perme-
abilized in 0.5% Triton X-100, stained, and examined for condensed chro-
matin or bi/multinucleation by fluorescence microscopy. For Fig. 6 E,
a minimum of 300 cells per sample was analyzed. For Fig. 6 (F and G),
a minimum of 100 cells per sample was analyzed.

DNA content

Cells were fixed in 70% ethanol-PBS at 4°C, stained with 20 pg/ml pro-
pidium iodide in PBS (Sigma-Aldrich) and analyzed for DNA content by use
of a flow cytometer (FACSan; BD).

Western blotting and densitometry

Cells were lysed in ice-cold whole-cell extract buffer (20 mM Hepes, 5 mM
EDTA, 10 mM EGTA, 0.4 M KClI, 0.4% Triton X-100, 10% glycerol, 5 mM
NaF, 50 ng/ml okadaic acid, 1 mM DTT, 5 pg/ml leupeptin, 50 pg/ml
PMSF, 1 mM benzamidine, 5 pg/ml aprotinin, and 1T mM Na3VOy) for
30 min on ice. Lysates were cleared by centrifugation at 15,000 g for 10 min.
Densitometric analysis was performed using Image) (National Institutes
of Health).

HPLC-Edman degradation

Radiolabeled Aurora B*® was excised from an SDS-PAGE gel and digested
with trypsin or glutamyl endopeptidase (ICN Pharmaceuticals, Inc.). Sam-
ples were acidified and loaded onto a C-18 column (Vydac) for HPLC
essentially as previously described (Sanchez et al., 1997). Fractions were
collected at T-min infervals and counted for radioactivity, and selected

fractions were immobilized on membrane discs for N4erminal sequencing
(Sullivan and Wong, 1991).

Protein Data Bank image

The image of Xenopus Aurora B-INCENP”?%-847 in complex with hespera-
dine (Sessa et al., 2005) was downloaded from the Protein Data Bank
using Jmol (accession no. 2BFY).

Online supplemental material

Fig. ST shows HPLC-Edman analysis of radiolabeled Aurora BXC after
digestion with glutamyl endopeptidase, Aurora B expression levels after
treatment of BE cells with Aurora B siRNA, and specificity of the anti-pS331
antiserum by immunofluorescence. Fig. S2 shows Chk1 and Aurora B ex-
pression levels after treatment of BE cells with Chk1 siRNA and Ser331
phosphorylation in prophase and cytokinesis as well as Aurora B expres-
sion levels and Ser331 phosphorylation in CHOWT and CHOS®'A cells.
Fig. S3 shows Chk1 in vitro kinase assays, immunoprecipitation of 6xMyc—
Avurora B with Vs-INCENP, Aurora B phosphorylation at Thr232, and
INCENP phosphorylation at Ser850. Fig. S4 shows examples of CHOW!
and CHO®®' cells in metaphase and inferphase, expression of Survivin, and
localization of éxMyc—Aurora B after treatment of CHOYT cells with Survivin
siRNA. Table S1 shows fluorescence intensity values at prometaphase
kinetochores after various treatments. Online supplemental material is avail-

able at http://www.jcb.org/cgi/content/full /jcb.201104023/DCT1.
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Figure S1.  Mapping the Chk1 phosphorylation site on human Aurora B¥°. (A) HPLC analysis of radiolabeled Aurora BX® after digestion with glutamyl en-
dopeptidase. The main radioactive fraction is indicated by an arrowhead. (B) Edman degradation analysis of the phosphopeptide from the main radioac-
tive fraction from A. The graph shows radioactivity released from the membrane. (C) Western blot analysis of total Aurora B and actin in BE cells mock
transfected (mock) or transfected with Aurora B siRNA (siAurora B). (D and E) Ser331 phosphorylation (pS331) in BE cells transfected as in C. (E) Spurious
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Inhibition of Chk1 activity by UCN-01 diminishes phosphorylation at Ser850. (A) In vitro kinase assay. Purified Chk1 and Aurora B proteins
were incubated with histone H3, and phosphorylation of Ser10 of histone H3 (pH3, top) or Ser331 of Aurora B (pS331, bottom) was determined. Values
show the relative levels of pH3 or pS331, and levels at O min were arbitrarily set to 1. Western blot analysis of total H3 and Aurora B is also shown. (B)
Western blot analysis of immunoprecipitated (IP) 6xMyc-Aurora B (Myc) and VsINCENPYT (Vs). CHOWT and CHOS33' cells were induced with fetracy-
cline and treated with taxol or nocodazole (nocod) for 4 h. (C) Phosphorylation of Thr232 (p7232). CHOW™ and CHOS®3'* cells were induced with tetracy-
cline and treated with nocodazole for 4 h. The frequency of cells exhibiting the respective phenotype and mean pT232/CENP-B fluorescence intensity
values (boxed numbers) are shown. (D and E) Phosphorylation of INCENP at Ser850 (pS850). BE cells expressing INCENP-GFP were treated with taxol
(D) or nocodazole (E) for 4 h in the presence of DMSO or UCN-01. The frequency of cells exhibiting the respective phenotype and mean pS850,/INCENP-
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Figure S4. Depletion of Survivin impairs localization of 6xMyc—Aurora B to kinetochores. (A and B) CHOW™ or CHOS®' cells were induced with tetracy-

cline in the absence of spindle poisons. (A) Misaligned chromatin is indicated by arrows. (B) Images of mono-, bi-, and multinucleate cells. A single image
plane is shown. (C) Western blot analysis of total Survivin and actin in CHOW cells transfected with Survivin siRNA (siSurvivin). (D) Localization of 6xMyc—
Aurora B (Myc). CHO"T cells transfected with negative (control) or Survivin siRNA were induced with tetracycline and treated with taxol for 4 h. The fre-
quency of cells exhibiting the respective phenotype and mean Myc/CENP-B fluorescence intensity values (boxed numbers) are shown. Insets show
magnified kinetochores. Bars, 5 pm.
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Table S1.  Fluorescence intensity values at prometaphase kinetochores

Cells and treatments Fluorescence intensity ratio  Normalized to: Mean fluorescence intensity  n (kinetochore pairs, Figure
values cells)
BE + UCN-O1 pS331/CENP-A CENP-A 0.15+0.13 75,6 Fig. 2 C
CHOMT + taxol pT1232/CENP-B CENP-B 1.83 +0.84 44, 6 Fig. 4G
CHOS®¥1 + taxol pT1232/CENP-B CENP-B 1.99 +1.22 62,6 Fig. 4G
CHOWT + nocod pT232/CENP-B CENP-B 1.45+0.76 42,6 Fig. S3 C
CHOS®¥1A 4 nocod pT232/CENP-B CENP-B 1.55+0.64 43,6 Fig. S3 C
BE + DMSO + taxol pS850/INCENP-GFP INCENP-GFP 0.92 +0.31 48, 6 Fig. S3 D
BE + UCN-OT + taxol pS850/INCENP-GFP INCENP-GFP 0.15 +0.09 36, 6 Fig. S3 D
BE + DMSO + nocod pS850/INCENP-GFP INCENP-GFP 0.84 £ 0.31 33,6 Fig. S3 E
BE + UCN-OT + nocod pS850/INCENP-GFP INCENP-GFP 0.86 +0.27 37,6 Fig. S3 E
CHOWT BubR1/CENP-B CENP-B 0.78 +0.35 80, 6 Fig. 6 C
CHOS%314 BubR1/CENP-B CENP-B 0.06 + 0.06 68, 6 Fig. 6 C
CHOMT + taxol, 4 h BubR1/CENP-B CENP-B 0.79 £ 0.24 53,6 Fig. 7 A
CHO*1A 4 taxol, 4 h BubR1/CENP-B CENP-B 0.09 +0.03 71,6 Fig. 7 A
CHOMT + nocod, 4 h BubR1/CENP-B CENP-B 0.71+0.17 57,6 Fig.7 B
CHOS®¥1A 4 nocod, 4 h BubR1/CENP-B CENP-B 0.72+0.27 48, 6 Fig. 7 B
CHOW + taxol, 1 h BubR1/CENP-B CENP-B 0.83 +0.30 42,6 Fig. 7 C
CHO®¥1 4 taxol, 1 h BubR1/CENP-B CENP-B 0.62 +0.22 46, 6 Fig. 7 C
BE control + taxol pS7/CENP-A CENP-A 0.87 +£0.12 151,9 Fig. 7 D
BE control + taxol + AZ pS7/CENP-A CENP-A 0.46 +0.10 157,10 Fig. 7 D
BE control + taxol + VX pS7/CENP-A CENP-A 0.08 + 0.07 114,7 Fig. 7 D
BE siChk1 + taxol pS7/CENP-A CENP-A 0.29 + 0.09 182,12 Fig. 7 D
BE siChk1 + taxol + AZ pS7/CENP-A CENP-A 0.31 +0.07 126, 8 Fig. 7 D
BE siChk1 + taxol + VX pS7/CENP-A CENP-A 0.07 + 0.06 119, 8 Fig. 7 D
CHOS®¥1A 4+ control + taxol Myc/CENP-B CENP-B 1.56 £ 0.70 99,8 Fig. 8 E
CHOS®¥1A 4 siSurv + taxol Myc/CENP-B CENP-B 0.33+0.22 66, 6 Fig. 8 E
CHOMT + control + taxol Myc/CENP-B CENP-B 1.64 +0.89 69,6 Fig. S4 E
CHOWT + siSurv + taxol Myc/CENP-B CENP-B 0.37 +0.20 70, 6 Fig. S4 E

n represents the number of kinetochore pairs quantified followed by the number of cells analyzed. AZ, AZ3146; nocod, nocodazole; siChk1, Chk1 siRNA; siSury,
Survivin siRNA; VX, VX-680.

Chk1 phosphorylates Aurora B at serine 331 ¢ Petsalaki et al.
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