Supplementary information

Legends to supplementary figures

Supplementary Figure 1 Protein sequence alignment of Sld7 and its homologues in
yeasts. The sequences were aligned using ClustalW. The conserved amino acids are
indicated by white letters on black (100%) or by shaded letters (> 50%). Sc:
Saccharomyces cerevisiae (NCBI: NP_014703.1); Zr: Zygosaccharomyces rouxii
(EMB: CAR26697.1); Eg: Eremothecium gossypii (NCBI: NP_984299.1); KI:
Kluyveromyces lactis (NCBI: XP_455819.1); Ps: Pichia stipitis (NCBI:

XP_001387485.2).

Supplementary Figure 2 Protein sequence alignment of Sld3 and its homologues in
yeasts. The sequences were aligned using ClustalW. The conserved amino acids are
indicated by white letters on black (100%) or by shaded letters (> 50%). Sc:
Saccharomyces cerevisiae (NCBI: NP_011402.1); Zr: Zygosaccharomyces rouxii
(EMB: CAR27344.1); Eg: Eremothecium gossypii (NCBI: NP_985529.1); KI:
Kluyveromyces lactis (NCBI: XP_455566.1); Ps: Pichia stipitis (NCBI:
XP_001382642.2); Sp: Schizosaccharomyces pombe (NCBI: NP_592946.1); Nc:

Neurospora crassa (NCBI: XP_964165.1).



Supplementary Figure 3 Coimmunoprecipitation of SId3 and SId7 from yeast cell
extracts. YKK21 (SLD3-9MYC),YTT4 (SLD7-3FLAG-HA), and YTT5
(SLD7-3FLAG—HA SLD3-9MYC) cells were disrupted. The Flag-tagged and
Myc-tagged proteins were precipitated using anti-Flag M2 beads (A) and anti-Myc
antibodies (c-myc Ab-1 9E11) on Protein A beads (B), respectively, as shown in Figure
2. After precipitation, the supernatants (sup) and precipitates (IP) were subjected to
western blotting, and probed with anti-Flag and anti-Myc antibodies. The asterisk

indicates a nonspecific band.

Supplementary Figure 4 Cells bearing C-terminal tagged SLD7 (SLD7-3FLAG-1HA:
YTT4) grow as the wild-type cells (WT: YTT1). N-terminal deletion of Sld3 confers
cell sensitivity to hydroxyurea (HU) and this sensitivity is not suppressed by high copy
SLD7.YYK13 (sld3A::LEU?2) cells that had lost YEp195SLD3 and carried pRS313
encoding the S1d3 (121-668) fragment (Figure 3A) and YEplac112-SLD7 (SLD7) or
YEplac112 (V) were streaked onto YPD plates (YPD) or YPD plates containing 0.2 M

HU (0.2 M HU) and incubated at 25 °C for four days.

Supplementary Figure 5 Levels of the SId3 and SId7 proteins in s/d3 mutant cells.
The indicated sld3 mutant cells were cultivated at 25 °C, disrupted, and subjected to
SDS—polyacrylamide gel electrophoresis, followed by western blotting and probing

with anti-Sld3 (A) or anti-S1d7 (B) antibodies. The asterisks indicate nonspecific bands.



Supplementary Figure 6 Specific interaction between Sld3 and Cdc45. (A)
Reactions were carried out at 4 °C for 30 min, as described in the legend to Figure 7,
with or without Cdc45—Flag on the beads. The SId3 protein retained is estimated to be
0.06 (S1d3) and 0.03 (S1d3-S1d7) pmol. The Sld7 protein retained is 0.02 pmol. (B) The
same reaction was carried out, except that SId3 was replaced with purified GINS (1
pmol) (Muramatsu et al, 2010) or Flag—S1d2—P1 (1 pmol) (Tak et al, 2006). SId5, a
subunit of GINS, and Flag—S1d2—P1 were detected with anti-Sld5 and anti-S1d2

antibodies, respectively.



Supplementary Table 1. Yeast strains used in this study

Strain Genotype Source &
name Reference*
W303-1A | MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-1 ura3-1 R. Rotstein
YYKO MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-1 ura3-1 barlA Kamimura et
al. (2001)
YTT1 YYKO9, sld7A4::LEU?2 This study
YTT4 YYKO, SLD7-3FLAG-1HA This study
YTT5 YYK9, SLD7-3FLAG-1HA SLD3-9MYC This study
YTT6 YYK9, SFLAG-SLD3 This study
YTT7 YYK9, SFLAG-SLD3 sld7A::LEU2 This study
YTT9 YYK9, 6FLAG-PSF1 sld7A4::LEU2 This study
YYT2 YYK9, 6FLAG-PSF1 Takayama et
al. (2003)
YYK14 W303-1A, sld3-4 Kamimura et
al. (2001)
YYK15 W303-1A, sld3-5 Kamimura et
al. (2001)
YYK16 W303-1A, sld3-6 Kamimura et
al. (2001)
YYK17 W303-1A, sld3-7 Kamimura et
al. (2001)
YYK18 W303-1A, sld3-8 Kamimura et
al. (2001)
YYK19 YYKO9, sld3-5 Kamimura et
al. (2001)
YYK21 YYK9, SLD3-9MYC Kamimura et
al. (2001)
YYK13 MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trp1-1 ura3-1 sld3A::LEU2 Kamimura et
[YEp195SLD3] al. (2001)
L40 MATa ade2-1 his3-A200 leu2-3,112 trp1-901 ura3-1::LexA-LacZ Lys2::LexA-HIS3 | Bartel  and
Fields (1995)
BJ2168 MATa pep4-3 prcl-407 prbl-1122 gal2 leu2 trpl ura3-52 Laboratory
stock

*Bartel PL, Fields S (1995) Analyzing protein-protein interactions using two-hybrid system.
Methods Enzymol 254: 241-263.
Kamimura Y, Tak Y-S, Sugino A, Araki H (2001) S1d3, which interacts with Cdc45 (S1d4),
functions for chromosomal DNA replication in Saccharomyces cerevisiae. EMBO J 20:
2097-2107.
Takayama Y, Kamimura Y, Okawa M, Muramatsu S, Sugino A, Araki H (2003) GINS, a novel
multiprotein complex required for chromosomal DNA replication in budding yeast. Genes
Dev 17: 1153-1165.
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s1d7-1 (G42R)

#
---MSRKL CTENFTLSGKQGSLMTRBIREMSNR - - - -PTASKSTSEERGQF TQYVDL ARERL VRS TNMNTYREYSTS AT AQANGK SKIR - - -NANRGTV
---MLEQNAVEKFTLGEKYDDI IVKEVELIISQE - - - -PPKADGIKQLKGRL L QYVDMNKLELWATTGSKN-YvVYTWRSSTTSYREASKIK - - -NENRGIV
MASDWDKWF ELIRLAVG- - -RGVNLRAVLIIQRRGS - SSSRPABHTGLTGRL LGAT SLDRLEVIWAGR - - SNSYREFS SS TTTRAFFAAKL RRRHRARGLV

--MTLEKE L TERLNVG- - -HNTMIRBVELIIRE FED - GDGQIAVKNCLA- EVVGMYNTDRLEFWLNR - - GQRYQEFTFSET S VNYERAKAMRQRHRNRGTV
- -~ -MKKLATFVINDN- - YPSNVL ERV@IIISGSDTKESDNL SSVPTSYERMPIYMNHRLVEYYLLS - -ARPLSVESTSSIRSENGEKQTALKQAVYNRDIG

EEFDKVDQRSQEPAYIETFREN BTMKHE FNGQVTKLKQDIGKTRASVSKEG--STDTEIGQSQQRK---------- IGTKTEV
EDLULNGTNNNDH- - - LEEL HRKE VKRKFENQE TV SIDSIVRQS! -QFKAKTI
VELAP- - - -TRASKE!

CKVTGSQVLIKEQFEIFLFYIRIKTDINASFIIESMV.HIST.ELEKKIIPLSADELQSIVPSNAGATN.IESILEKNKRQR
ELFKSGRDETYLIFYFDFIKKQIMVL IIDFSREAEIDATMEKDAVQEPDNTKNTFILLNQTRQDDRST--VFBKVLERKKSRSSSNPFVVESVQNSTTAK

YRNYHINBKRLQENE TESKL INGEERIRGT SN STTDYQRENKITEDAAERTHRDELKRIS
RNHVRTSEKKITENETLSKLITIGHIRLRGIPN -TQSGFQKLNKITFDAAEFAHRDELK -

-DPANTSBARQREVARLSQCIIGEERLRAVP QARYEKLNRAVEQASERAFRDELA
- RTQHE-NIYKIS-FD

fKS--- 257

CKS--- 243

fRS--- 243

TKT--- 260

VDVDGI 296
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ME - - - - TIEVEASVKEATKGEDL SLDHPL T TKSEDVPSNILQL LQQKNRRQEKHICM- - - - - - KSRKEYFLEEENGPG-------- FINVKWPYNYFNGYS
MS - - - - SWREVASVRTLPSSLRLELDGAQVNSYEEFVPNITSESR-ANKIGLRHL TH- - -~ - - NPDK-YCVLERYGNG-------- FWIRYDVLQMD---
MD- -LNTVCLIGSFVRVPRNLIFREEEPRIVEG-AALPDTVVREISNKDVTIKHL LK- - - - - -TGDGHAYMVERYYGE - - -TWVLWCVEAPADQT
MDTSARQWVLICSFLKLPAGFEIDETSVTLVDLKSSE FQQVQANIKATDVVEIKHL LR- - - - - -NGD-QF ITEEH¥FQD- - - - - - - - SWLRWGLVKVPNQE
MSAEEKNGKIIDKGRDTVLKEPFSFEVAQALDSYPLVITILQTLQAADLQHESSSTI- - -~ --DNSSTSKALDSEADSGS -~ - - - ISKVIFKVSEQIGAG
M-(25)-WPEVTVPRQCICLRWCISKEYHEFTCSSLQFIVIRPAGTSVLLGRVKSSK -~~~ -~~~ ANQLVGIEHVEGSRYALIFLSEKLDFKSLKVIANH
M-(78)-SVVLRPRPSTLTDKPRILSPLMLLPREHLPLSALDLLQPQGDFPPSRFYE -(21)-EANRMLYATIERESDGLYTLCKLGSHWVDVDILAQAATV

IPERRTEVVTTVERERAK--- - - -~ RETLKTIWDELKFKELEHLIS- - - - - EEPKGECKL EKDKDIK - HDMNPBDMKGESKINDYYSD- -~~~ -~~~ -~ -~
LQEVEDEFTG--NEHLIN-------~ WAAIKEWNLMGFKDLEPLiNK KPPGED-KSHNEVIKLD -~~~ -~~~
LYEKS-- - YKRHTRACYE- - ----- AKTLAEWERYDVPELEGFHWQ- - - --EDVDSEPDLNAYEGEE - EDMKPRDALPAPTATPAVSG- - - - - - - - --~~ D
SIGHDKPNYKEQVSTRYD------- VKTLDEWCDLSIEDILPYWK----- EDRQKIPDGDMPEQUP-LVMKPRGFSYGKEMVIDEHGSGSFI -~~~ HRQ

ESTISTSYFFVKVQKRLA-(31)-AVESNQRIASFGTKE ITVDYMSLDEDLHLQGSDDME IDQMLENF SMDPBMNNNLSE TKSDATNSANDANILVSPSS
QLTKSSKSLSNVSNKPL G- - --DQLFRSNSLMSPSLLKKEEHRIQSDASQANERESQAPHSFVTHDLISSSKDGNSL THEFANDSVTEMVQDYTPSCSRD
VSSQRMKSCKPSQLEVVA-(18)-ATEEIQSSLTRKRSNTTTTEQESLSHLPTPTSGSPE SKSCESQCIAEBAEVPTVEANKPDLPATLPHPAEDVLSQPT

---BKEYIESKYVDANF S THTPEAYEVSNIVRLKNTERTKYGSDS YKTAYQAMEQKFIIL STVQRKDRHDNRL - - - - - - LLEPFSSPTADEKRKNCLTKF
TFIEADSFNIHLmTKIZIk"NVTFGKEN---AYLTIILGIIKRIDEI DGG- LVIKDVGPTAAEKRQSCLEKF
YADPQL YLNKKNYEARFQLRIPLAF SNVSACSY-- - --EQAVATLAQDFQEFDRRHSTEN- FGLLRYA-LPQFAQELRTRCV

LQQKYEMEY S L NDPLAHEVISKLSRLKVLEK -RHGKAY - - - - -QTVEKS SEVDQS TREQRHHL EH- - - - - -CGLLKYESTPDECKDFRVRST
TEDPVIFLKSRYNTYSLTT PRTATARFRNLESNDNRKIS - - - - - -DLIAGL CL SVHQMBARHHGKH- ( 19) - LEIQNQQDF I SRHEKITQDIL

VKSLLDHEYNS[IFYQALMTKT] MVGKTRQLAVEVHNHVEEK-ALVDELLKFEDNLKSVBDRKSRLL -~ - - -~ QCFESHLNYKAWHLEFENEAH
AEGIFQNIRMQUFEAYHSKGS EAYEARGPISRARAAFHL DCDSNLEMSHL IDFLIRGFVMTTAL IBKKYRETL - (12) -DSEQGHARSKPRKKRVKRQKL

--DENKNSSTTADLCVVERSRETKEQIL L L LETIGENDEBWNFRDFEKKYKLKEK- -KRSLNL TKKGLVRRRSKKK--TSEKDKGIERITTS
GVRVSGDFNDDNNDQSSSIKELPGI TIILLETIAHHQLDANFENFESRYKSKEK--KRSLNL TKLRALPMKSKLN--RRKPADNPTKTTEQ
LIMHIEL TAERSEDGRFRDFEARYENTLT - -KRSLNTLRT--KRIYSRKS - -TKEK- -KKAVKPLE

IMILLELLTEGKEDSTIKQYETNHANKEN- - EGSFNMMTT - -MTRFSRRR - -NKGKSSKSVKQLKV
KTEKPSSNHPIVTDAAGKVTQESSEKKFQREVLEL KMREAQLQTILUFEL LHSWDIDESNFLE - - SNAKKLEKE EKKRAKE SNVPLVRKKKSKSTRKIVP
QYEIKGYRLWLQNILNRENCQITKLDFEREFSQLKLKEYETIRVELYFEILYLFLKWDPEYARR- - - - - -RANDNSLLDSRDSGK- -RKSRKKNAKTLNPF
GKDGLYPSEEEHIERWNVTHKPSTTQEDEKMVAATEAKHHI SALRRRETQLQMITILETLAEEPLNRPVVATEDNELPGLETQETIGGTKSERNRKKNKT

TIQEHKKNTLDKSKEASL VGIFENYVE 1Y FNKKVEHAVE FT1QRLKGPSMRPKR
TIQEHKKNL LNK| YVLVEYFAKRVENAVKETIQKL

NKI
TFLGMGVDVNENSTTFPTALIDQLTVYKNLNATVDR- - - -MGLWDML L GSSEKKDNENST GFEAYVEV[EY YNKKL S TVKYVVDRVKDSNLKMKVNKAER
ETAQLKEEFTFBGLEERRTIEQNAT ERSEDLLLKFCKETIVEYYSSKFERITRNLLEKCNGLDLLPER
PNLPLLLEBMHADRLEIWQSTTLDEVKALTESQPSAE EQEAPAENNNSDPLRDFCVDI IVEFFSARLZEL COFENRKLGGBVIQAPK

--ALKKVNDSTNVSSPNTVETYNRLSTSQRASRSSTINSVPSSPALRR-- - SRTNSNENE FEESETRSLKR
--TBERTVPERGSSS--------- LADARHES-VSRLESTPSSPQLT- - - -TKTGSNASAL FESGSSLLKK

- AKANSNEL EFEESESSLNKH

-------------- -TRTNSNLVEFLEEETTK-KK
DSPELPSNTPNETTHTPTEEQKKKSSKYKKVVLTRKVPKLEK-(12)-KPALSLKRSESNLSYKNIKK-(14) - SNSKANRSNSHSEKSSQQTQ

---8HKHRHSAPPRS - -------- KLISSKSEAGRALPGNTSGASISN TSSPHSEASTSKDYEIIKR-- - - -- RRSNSGVHSL TREDSSFNGF
- -EKAKTVAATKPKPGAPGKRVAATKKENERSLQRVLSNERMRRSVSRGP—- - - SGTIALLRSASATATBGHKR - (40) -AKKKARBEAEEKEATSALKK

-FBVSBIUSTTRVPNSSTITLKT------PFSHST------ INAYKTMNNSFRRVGKRKDINETIR

-LSVTDLSSN- - -DRNMTANDE - - - - - - -KNNGER -VRLLTQSQKSFRRVGIRKGEREVPD
-LAVTDLAASATRNGSYEGIGNSSKGANRSFISAK -QSFKRASKRKLDQITESKVGANTGV
-MSVQDLSLDDIVKQRQQILEEFSTVRTVLYNGKA - INISQSHNNSFQRVGKRKLAS - - - -
-HSSAQILATPMKNKSAPTIPTAYTDLKRASITDS - - - - - -HSQVEATPNNAVRVIDMSDVINTPE

- RSSDIARIKNRE--------- INEPSSSLSKQRNSMHDISTNFPRRNLSFTE KLTMASLQGQSEESVQPKTTSSLSR
PBNRALAGKEIVEEAERRTAQPKSKENKK@ - (42) - S8ASVVPASTLPRKFTNVFATSTSPNIGAHPSSE - (33) -EEVEEATPVPPKNMEELHVQATPMR

LHERVDSEENVQVQATPAVKKRTVTPNKKAQLQSIIESPLN- - - - FKDDDTHEGRKNTSNITSTPTN- - - - - KBPENS SKRRVRRREFAREST
PKAGKEETEAVQVMGTPLVKVSGGTPSKRAKLQNIVESPYNAGASAQQSTNIKNLQSSPIVYGTPQQNYEPTQPNGNKSRKNI
VQITATPARTLAKPAAEKMTIVKSPFSEAKQATSLVEIAATPLRNHPE SSSAPVFEQHGIVKTPYVNRDNDASGINKPKAK-KVRRRLFAR
------------------- YISETGFDDKQQD- --IHVTATPIKPIEEKKDTPVLVAS---PSVVSETPVRASBVKVKTR-HVRRRLFAR
DHFVNLKHNVFTQPKSHSVSDKLMSVSLAVDNGSHITSSPVKSPGFQSNVNITTDPIQVESTPTASVRRNNIINSANS SKSKKKSKPGERVS-(57)
SKTLSILEGSISKRSEPSMDSILVQATPRKSSSVITILPDTPIKMNSLDKASACTVENHIVTESPAHKSNKAQLFVCVPTTPIKKKSASE
KQRFTQQKLPVPRPEGHLQVQATTPQRKRAIQGTPMRKKSLQSLPQIVEEDDPLTHSIPSSSPTFAKRLTTASEFNRAAKQQQQQHEVPETP-(117)
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