a 969 97(? 98(_) 99(_) 1009
— H.sapines TS[TRASLTFN.RGFK.AGRN.MRRKIFGVLRLKCHSLFLDLQVNSLQT[V|CTNI YKTILLLQMA
M.auratus TS|IKASLTFQ.RTFK.AGRN.MRQKLLAVLRILKCHSLFLDLQMNSLQT|V/CINVYKIFLLQA
M.musculus TS|IKT|SLTFQ.SVFK.AGKT.MRNKLLSVLRLKCHGLFLDLQVNSLQTV/ICINIYKIFLLQA
R.norvegicus TS|IKMSLTFQ.GVSR.AGKT.MRYKLLSVLRLKCHGLFLDLQVNSLQTV/ICINIYKIFLLQA
C.familiaris TS|IRAISLTFS.QGAK.PGRN.MRRKLLAVLRILKCCALFLDLQVNGIHTVYMNVYKIFLLQA
B.taurus TS|IRAISLTFT.QGFK.PGRN.MRRKLLAVLQLKCHGLFLDLQVNSLQTVFTNVYKIFLLQA
—Vertebrates C.japonica TS|IRS|SLSFN.SSRI.AGKN.MKCKLTAVLKLKCHPLLLDLKINSLKTVLINIYKIFLLQA
G.gallus TS|IRS|SLSFN.SSRI.AGKN.MKCKLTAVLKLKCHPLLLDLKINSLQTVLINIYKIFLLQA
X.laevis TS|IRS|SMTIFC.HSSA.AGKY . MKQKLIRVLRLKCHSLFLDLKVNSLRTVICINTYKIFLLQA
I 0.latipes LSLRYSLTLG.SAHS.AGQQ.MRRKLMSILRIKCHPLFLDLKTNSLESAYKNIHKLVLLQA
E O0.melastigma LSLRYSLTLG.STHL.PGQQ.MRRKLMSILRLKCHPLFLDLKMNSHES|VYKNIYKLVLLHA
% E.coioides LSLRYSLTLG.SFHS.AGQQ.MRRKLMAILRLKCHALFLDLKTNSLEAVYKNIYKLVLLHA
g T.rubripes LSLRYSLTLG.SCHS.AGHQ.MKRKLMGILRLKCHALFLDLKTNSLEATIYKNIYKLLLLHA
= '— D.rerio LSLRYSLTLG.SAHS.PSTV.MK.KLLSVLSIKSTDIFLDLRLNSVEAVYRSLYKLILLQA
8 Chordata P.marinus VQV|SWTMSILC.FASQ.PGHT . MRTKLMHV|LRLKCQPILLDLQINS|FFVVITINLYQTLQLQA
Hemichordata g kowalevskii IDMAD|TFTMD . LTKQ.PGKS .|[LJINKMKQTV|SLKCHPIFMDGQVNS|FSTLLTNLCRMWHFAR|
A.rubens VS|I|[SHTMIVN.FTDK.DVLPKVKTKVLQLLRSKCNKFFLDPEINFPEI[IKRNCYEFFLISHA
‘-Echinodermatalz P.miniata VS/IRYTMS[LD..SSG.DVISKVKTKLIQAMQAKCAGFFLDPQINSFLTVRRNCYEMLLMCA
A.planci VSIRYTLTVD..SSG.AVISKVKAKLLQALQAKCVGFFLDPEVNIHPTIRRNCYELLLMSA
P.diffusa LG|I|SDTIS|FD.GCHK.PGET.|I[KKKMIMS|LITFRISHQIF|FDPMI|NSKER|I|LLNAF|C/T|F FFL[A|
) P.canaliculata LG[ISDTISFD.GCHK.PGET.|IKKKLIMSLTFRSHQIFFDPLINSEERILLNAFCTFFFLA
E [ Mollusca C.gigas IRMRHTLTVD.VSVN.PGRT.MKRKLLMSLRPKCHAIFLDTELNSTEV/CVSNCYRLLLLTA
< C.virginica IRMRHTLT/ID.VSMI.PGAT.MKRKLLMSLRPKCHAIFLDLKLNSLEVCLTNCFRLLLLTA
k! M.yessoensis ICVADTMSFD.LSRD.PLMT.LKHKLLNALKPKSHVIYMDTELNTTEIV|VTNIFKIFVLNA
,-E — Annelida H.robusta LS|VKYTMSAS.FSNH.PGSA.|[IEKKLLFS[VRSKCNSIYFDTTYNSVNTIFLNVYKIFLLLA
§ [ Placozoa T.adhaerens IRI|SECMT|IN.ISNN.AGQT.MRAKMLQYVRMLICQIITLDPEMNSKLT/IGINIFDKLOLIM
g Porifera A.queenslandica . .IRDICLT|IS.NSSIVPAHS.[LSIQLIQAL/SLKCVPHLLDSQF[LSNGMVLCNLYLNFTLSAl
g A.tenebrosa KH.RNTVLRN.LHYH.PGRS.[LLEKLXYS[LLNKSHPLLLD|TE I|NSRSTVWSNIFEAFFWS/A
= A.millepora IQLRDTLSVS.LDAH.PGKA.LRRKLLCSVRPKCHPLLLDPGLNSRES|ILLTVYQSFLLTA
@ E.diaphana VNPRK[IFPKT.RQCN.NSQV.LLSKLSFSARNKCHPLLLDLQINS|QDTVQKNLYEMFYWLA
m ' Cnidaria P.damicornis SLLRDTLTVS .LDAH.PGEA.[LSKKLRYSVRPKCHPLLLDPNMNTRENTLLNVFHVFLLTA
S.pistillata SLLRD|SLTVS . LDAH.PGEA.[LSKKLRYSVRPKCHPLLLDPNMNTRENTLLNVFHVFLLTA
0.faveolata LLLRDTLTVS . LNAH.PGEA.LRRKLLYS[VRPKCHPLLLDQYLNTRQR[ILLNVYHVFLLTA
N.vectensis GV[EDSII.QGP.MASH.TGHG.|[I|STKLKFSLRAKCVPLLLS|SQINSQTTVLVNIYQMFFLTA
— A.thaliana GH|I|SS|TFS[VA.WQNK.PVRN.[LRQKLICYFLVPKCHPILFDSNINSGEIVRLNIYQIFLLAAR
M.esculenta KHLRS[TLTVS . WQGK.PGHR.LKTKLCDFMRPKCHPIFFDSNINSGSVVRLNIYQSFLLCA
Plants N.tabacum FPLISS[TLTVG.WLNK.PGRD.[LJKVKLICGYLRPKCHPIFYDSNINSAAVVRLNIYQAFLLCA
B.vulgaris DHLISS[TLTIVS . WOQRK . PGRQ . [JKAKLRAYMRPKCHPIFFDTSINSPATIRLNVYQAFVLCA
\— A.trichopoda THISSITVTIVW.RQAK.PGSH.LJKGKLICDYMRPKCHALFYDSNINS/SPVVRLNAYQAFLLCA
— E.aediculatus G.|ILCTLNLNMQTKK.ASMW.|[LJKKKLKSF|LMNNITHYFRKTIT/TEDFANKTLNKLF|ISGG|Y|
E.crassus G.ILCTLNMNMQTKK.ASMW.LKRKLKSFLMNNITRYFRKTITNREFSNKTLNKLYIAGA)Y
Citiates O.trifallax G.ILCTLNVNMQTNE.SILW.LKKKLKSFLMNNISFYFKSTINTKQFANITLSKLYIAAAE
P.caudatum TKFQYQINVNLPTKV.KTYY.IKSKLKSLILNQFKFFFNSKLNDKPTMIKVLKIFVHSGLY|
P.tetraurelia SKFSNQINVNLPSRI.NSYF.FKAKLKSLMLNQFKFFFNPKINDQPTL/IKIAKTFIHAGLT
\— T.thermophila QEINQTINVAISIKN.LKSQ.LKNKLRSLFLNQLIDYFNPNINSFEGLCRQLYHHSKATVM
— A.clavatus AT[L/AS|[SLTVE . SARA.PGRS .|LHRKMLSAFKLIQMHPMY|LDITQHN S|L SAVIL S{NL Y/A|S[F V T AlA|
A. fumigatus GT/I|SS|SLTVE.FTRA.PGRS . LHRKVLSSFKLQMHPMYLDTKHNS|LTVVLWNLYANLVTSA
C.albicans SGSISLVITN.FRTF...KT.LVKYLKTFYQLNLEGFLLDCSFGVLENVLENMGS[LLRLV|L
N.fischeri AT[I|SS|SLTVE.STRA.PGRS.LHRKVLSSFKLQMHPMYLDTKHNSLNVVLWNLYANLVTS|A
K.lactis «|s|.NVLGTV.LGSS...KQ.LYNKLLWIFEMRLSYNMLDERLNSWETAARFLREVALNV|I
A.nidulans VALSD|SLS[ID.STRT.PGRS.FYRKVLAS|IKQSMHPMYLDSTHNSLPAVLLNVYKSFVTAA
Fungi E.cuniculi ADPYLPFS|IA.HSSTKPGRA.LESRMRKLLQNRMSRIYIDPN.NK..KAYENIYDTFLFY|G
S.bayanus SNT VR.SNSSK...I.IFRRLTSLFNTRVSYKTINYNLNSTATVLMQIYYIVKNIS
S.cerevisiae SSIT IR.SKSSK...G./IFRSLIALFNTRISYKTIDTNLNSTNT/VLMQIDHVVKNIS
S.kudriavzevii  SS[T IR.SNSSK...K.IFGRLISLFNTRISYKTADSNLNSITTVLMQIYHIVKNIS
S.mikatae SSIT IH.SSSSK...K.IFRSLIALFNTRLSYKTIDPDLNSITTVLMQIHHIVKNIS
S.paradoxus SST IR.SSSSK...R.IFRSLIALFNTRISYKTVDSNLNSTTTVLMQIHHVVKNIS
A.gossypii KET SY.LSSA....NKLYKKLRWLFESRMAYEITQPTYNSWEATIVTHVEQATINLA
— S.pombe . AL VE.LTKH.MGKS.FFYKILRSSILASFAQVFIDITHNSKFN[ISCCNIYRLGYSMC
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Supplementary information, Fig. S11 Conservation of zipper-head mechanism in
eukaryotes. a Multiple sequence alignment of the thumb-helix-flanking sequence of
TERT proteins from various eukaryotes. Positions equivalent to human TERTL4%80 are
highlighted with respective colors. b Structural comparison analysis of the active sites
in human, Tetrahymena thermophila and Candida albicans TERT proteins. The three
essential aspartate residues in the catalytic centers and the zipper head residues (Leu980
in human TERT, Asn926 in T thermophila TERT and Leu766 in C. albicans TERT) are

denoted.





