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1. Supplementary Tables

Table S1. Yeast strains.

Strain Genotype | Source/reference
Kluyveromyces lactis:

AWJ137 o leu? trp1 [k1/k2] zymocin producer, killer yeast K.D. Breunig
Saccharomyces cerevisiae:

LL20 MATa leu2-3, 112 his3-11, 15 canl M.J.R. Stark
ARB18; 46; 47;72;76;78  LL20, kti12-1; kti12-2; kti12-3; kti12-4; kti12-5; kti12-6 [1]

KY117 MATa ura3-52 trp1-Al lys2-801 ade2-101 his3A200 M.J.R. Stark
ARBKS53; 67 KY117, kti12-7; kti12-8 [1]

SSY1 LL20, KTI12-c-myc::SpHIS3 This study
SSY2 ARB46, kti12-2-c-myc::SpHIS3 This study
SSY3 ARB72, kti12-4-c-myc::SpHIS3 This study
SSy4 ARBK®67, kti12-8-c-myc::SpHIS3 This study
SSY5 ARB47, kti12-3-c-myc::SpHIS3 This study
W303-1A MATa ade2-1 his3-11, 15 leu2-3, -112 trp1-1 ura3-1 can1-100 Lab stock
CY4209 W303-1A, SSD1-v1 Lab stock
SS5Y8 CY4209, ELP2-HA::KITRP1 KTI12-c-myc:SpHIS3 This study
SSY16 CY4209, ELP2-HA::KITRP1 kti12-2-c-myc::SpHIS3 This study
SSY12 CY4209, ELP2-HA::KITRP1 kti12-8-c-myc::SpHIS3 This study
RZY06 CY4209, KTI13-c-myc::SpHIS3 R. Zabel
TOTATAP CY4209, KTI121-TAP::KITRP1 L. Fichtner
DJY104 CY4209, kti12A::KILEU2 ELP1-HA::KITRP1 [2]
W303-1B W303-1A, MAT«x Lab stock
UMY2893 W303-1B, SUP4 [3]
UMY2916 UMY2893, elp3A::kanMX4 [3]
UMY2938 UMY2893, kti12A::kanMX4 [2]

126 MATo trp1-289 ura3-52 leu2-3/112 canl adel,2 CDC8 [4]

199 126, ADE1,2 cdc8-1' [4]

206 199, SOE1 [4]

126A12 126, kti12A::KILEU2 This study
206A12 206, kti12A:KILEU?2 This study
206A12 206, elp3A::KILEU2 [5]
RCY2866 MATa ura3-52 leu2-3,112 SEC2 [6]
RCY3256 RCY2866, sec2-59 [6]
RCY1903 RCY3256, elp1A::LIRA3 [6]

CMY85 RCY3256, kti12A::URA3 This study
ANY21 MATa ura3-52 leu2-3, 112 trp1-289 his3 his4 suc gal2 SEC12 [7]
MBY10-7A ANY21, sec12-4' [7]

CMY78 MBY10-7A, elp1A:KILEU?2 This study
CMY74 MBY10-7A, kti12A::KILEU?2 This study
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Table S2. Primers.

Primer Sequence (5’-3) | Application
KTI12-P tctcataccaaccggaaagg seq KTI12
KTI12-1 ttgtcatcgtcatcgegatg seq KTI12
KTI12-2 ttcttactcctcaggacaac seq KTI12
KTI12-3 aagcccttactcaacggatc seq KTI12
KTI12-4 tacccagttgagaagacgag seq KTI12
ko KTI12 fw aaactaaacaggcaatttagtaagaagatgccactggtgctttttacgggegac ko KTI12
ko KTI12 rv atctcaattcaagtttttgttaagataatcagcgaaaagcggaccgatccagcet ko KTI12
S3-KTI12 aggatcggtccgcttttcgctgattatcttaacaaaaacttgaategtacgcetgeaggtcgac et KTI12
S2-KTI12 atttcgtcttgecatttaccttctgatattaatcac atgtatatcatcgatgaattcgageteg et KTI12
S3-kti12-2 ctcaggacataactgactacatcgacgatatttgtaaagtagtctttcgtacgctgcaggtcgac et kti12-2
S2-kti12-2 cccttactcaacggatcattgtgtecactgtttttagecgatttggaagtatcgatgaattcgagceteg et kti12-2
S3-kti12-3 ccgatatcaatgatgatggttgcttcttcgtagacttgeccattggtaaccgtacgcetgcaggtcgac et kti12-3
S2-kti12-3 ttgaagttaatgaattgecttttcaatctctgeaattgegecaacgtaacatcgatgaattcgageteg et kti12-3
up-KTI12 aagataggatcggtccgcttttcgetgattatcttaacaaaaacttgaattccatggaaaagagaag tt KTI12
down-KTI12 agcaaatttcgtcttgecatttaccttctgatattaatcacatgtatatctacgactcactataggg tt KTI12
KTI12-Pr-FW cgecagtgcetgectctcttggtacg ds KTI12
KTI12-PL-RV3 caaatgtttagcaagcgttgtcttaccactacatggttgcccacaaatcaccaccagtg ds KTI12
KTI12-PL-FW3 cactggtggtoatttgtgeocaaccatgtagttagtggtaagacaacgcttgctaaaca ds KTI12
KTI12-CBD-RV2 tgtggtggacaaatttttcacctcgcaccatagctcatatctgtaacctttgatactattcaacg ds KTI12s
KTI12-CBD-FW2  cgttgaatagtatcaaaggttacagatatgagcctatggtgcgaggtgaaaaatttgtccaca ds KTI12
KTI12-RV+50bp tttcgtcttgecatttaccttctg ds KTI12

Abbreviations:  seq: DNA sequencing; ko: knock-out; et: epitope (c-Myc/HA) tagging; tt: TAP tagging
ds: domain swaps (P-loop or CBD) between yeast Kti12 and plant ELO4/DRL1 (see Figure 5).

Table S3. Plasmids.

Plasmid Description | Source/reference
YCplac33 Yeast-E. coli shuttle vector (AmpR, ARS1-CEN4, URA3) [8]
YCplacll1l Yeast-E. coli shuttle vector (AmpR, ARS1-CEN4, LEU2) [8]
YEplac195 Yeast-E. coli shuttle vector (AmpR, 2p ori, URA3) [8]
pCR2.1-TOPO PCR cloning vector (AmpR, KanR, E. coli) Invitrogen
pJHW27 KTI12 in YEplac195 [1]
pHMS14 Conditional expression vector (GALI::y-toxin, HIS3) [9]
YDp-KIL/KIU PCR template plasmids for gene deletion with KILEU2/KIURA3 [9]
pYMI1-5 PCR template plasmid series for C-terminal epitope tagging [10]
pBS1479 PCR template plasmid for C-terminal TAP-tagging [11]
pDJ40/16 KTI12 in YCplac33/YCplacl11 This study
pDJ75 AtELO4/DRL1 in YCplac33 This study
pSS1/pSS9 kti12-1 in pJJH27/YCplac33 This study
PpSS1/pSS9 kti12-1 in pJJH27/YCplac33 This study
PpSS2/pSS10 kti12-2 in pJJH27/YCplac33 This study
pSS3/pSS14 kti12-3 in p]JH27/YCplac33 This study
pSS4/pUW72 kti12-4 in pJJH27/YCplac33 This study
PpSS5/pSS12 kti12-5 in pJJH27/YCplac33 This study
PpSS6/pSS13 kti12-6 in p]JJH27/YCplac33 This study
pSS7 kti12-7 in pDJ16 This study
pSS8/puWK67 kti12-8 in pDJ16/YCplac33 This study
pTU1 YCplac33 + TDH3 promoter for constitutive gene expression [12]

pTU1 KTI12 in pTU1 G-T. Kim
pGTK101/111 AtELO4/DRL1 in pTU1/YEplac195 G-T. Kim
pGTK102/112 OsELO4DRL1 in pTU1/YEplac195 G-T. Kim
pGTK103/113 PpELO4/DRL1 in pTU1/YEplac195 G-T. Kim
pHB17 KTI12-c-Myc in YCplac33 This study
pPMW5 KTI12-PLeros-c-Myc in YCplac33, (P-loop domain swap, Figure 5) This study
pMW?7 KTI12-CBDeros-c-Myc in YCplac33 (CBD swap, Figure 5) This study
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2. Supplementary Figures

MjPSTK/1-248 1-MEII AK IESKNN- - - - - - - - - - - IDVIVLGSD- ------ LIRESFPVWKEKYEEF IKKSTYRL IDSAL-KN, 87
ScKti12/1-313 1MPEVL VQLLQSKIDATPSLS- KYS I TYHSDESL - GIKHSD-Y | TSQDERKLRSE | | SAVKRDLSKN, 98
Elo4(AtKti12)/1-302 1 MAEVV AETLKESE-------- TKQSVR | I DEASF HLDRNQNYANMPAEKNLRGKLRSDVDRSVSTG 93
KIKti12/1-339 28 MPEV L VTLLQET IDSNDKLS- - - -NYSVVYHSDETL - NISHDD-Y IGSNEERRARSK IMSVVKRDLSRQKIARRISEIR Ty [Rde 125
CaKti12/1-288 1MPEIIF QKELEIKIQTAKENSEPGQNYTVTYHSDETL- GINHET-YQDSNKEKLARGSQ | SAVKRD I SR TRNINARRSINEY IREEF FQEA 102
NtKti12/1-302 1 MAEVVE AEALKETE- - - SKLSVRTIDETSF HLSRNQSYVNMTE KNLRGVLRSDVDRSLSKDBSE 93
OsKti12/1-301 1 MAEVVE AAALCSST- - - SDLTVRI IDESSL HLGRNDSYKDMVVEKNLRGVLRSEVDRSVSRDEIRNALEIRINIRCIYIREEIRY 93
PpKti12/1-312 1 MALV | & MKALEKTI - - - NMPVVL IDEPSL - NLDRNSAYQDMPREKNLRGMLRSAVDRAVS | DFUNARESEIREINIRICYLRME RN 92
DrKti12/1-275 1MPEILM RDYFTONT- - - GRKVH I VGDEDQ - G IDKNSVYADSQKEKNLRGALRAEVERKVNKDDINANESEIE y |} WEYLMERR 92
XIKti12/1-275 1MPEILE GRKVH | IGDHVL - - - -GVDRNAVYADSREEKDLRGSLRAAVERKLNKE VVILDSLNIKG“RY Fa 91
DmK!i12/1-299 1 MPEVV GRKVHL | SENEAVPKAGFGKNSHTGDSQKEKVVRSDLKSEASRHLNQE PIREREsFNCITY IRECYRIE RY, 95
MmKti12/1-351 1 MPEVV GRAVYVVDDASVL - - -GAQDPTVYGDSAGEKALRAALRAAVERRLSRQ 92
BtKti12/1-354 1 MPLVV GRAVQVVDDAAVL GAEDATVYGDSAREKALRGALRAAVERLLSRQ, 92
PtKti12/1-354 1 MPEVV GRAVYVVDDAAVL GAEDPAVYGDSAREKALRGALRASVERRLSRH, 92
HsKti12/1-354 1 MPLEVV GRAVYVVDDAAVL - - -GAEDPAVYGDSAREKALRGALRASVERRLSRH 92
MjPSTK/1-248 88 NI AKKYNKNYA | | YLKAS - -- LDVL IRRNIERGEK- - - - -

ScKti12/1-313 99 CEVKNLSTTFEVIQTLCP -
AtELO4/1-302 94 C1ARAAG | RYGVMYCDVD -
KIKti12/1-339 126 CEVKNVMTTYCL IHTVCP -
CaKti12/1-288 103 CEAKGNVTPHEC I MHV | AP -
NtKti12/1-302 94 CLARAAG | RYEVLHCDVD-
OsK!i12/1-301 94 CLARASG IRYCVLFCDTE -
PpKti12/1-312 93 CLARAAGTHYCVLHCVAD -
DrKti12/1-275 93 CL IKHTQTPHELMYSLTS -
XIKti121-275 92 CL IKHVQTPHEL IHC I TS PEVSSTWNQHRDKNEQ- - 12!
DmKti12/1-299 96 CMSKVSRTTQETVFTCIP - QEEAWTFNSQRTAPDE - - PGDSERVQPVDN 142
MmKti12/1-351 93 CLARAARTP LGLLYCVRPNWPSRE LREASASENRDLAVSVSWRPRAE TGGKSQAAGA - - VEEQRATSPVANGGVLAAVSKE LDPEE | LPSNPSAVMTPGSEKSAEPA 197
BtKti12/1-354 93 CLARAARTP | CLVYCVRPGSLSGGLRVAGAVDNPNRNVSVSWRPRAEEGGRPLAVGTDVLGEPQAVASLVNRRAQAEVP TESEPKE | RAADLPALVASESEKSAEHA 199
PtKti12/1-354 93 CLARAARTPLCLVYCVRPGGP | AGPQVAGANENPGRNVSVSWRPRAEEDGRAQAAGSSVLRELHTADSVVNGSSQADVPKELEREESGAAESPALVTPESEKSAKHG 199
Hskti12/1-354 93 CLARAARTPLELVYCVRPGGP | AGPQVAGANENPGRNVSVSWRPRAEEDGRAQAAGSSVLRELHTADSVVNGSAQADVPKELEREESGAAESPALVTPDSEKSAKHG 199

PETIFEWNKTSNPNP- - -
EAHCRQWNKERSDRGEDG

ADLSSEWNKDREADSQ- -

MjPSTK/1-248 120 - - - - IPNEV | KKMYEKFDE EP-FLIIDTTKDI - - DFNE L KSKE IPKFYVLEENKNKNNN | SDK IBKETRK I VSEY | KSK 205
ScKti12/1-313 IQRYEE ISPLFAILTPQDNITDY I DDJICKVVFQTSKSAKNSGHNDPLSKGLQKPNSATVLKPASQSNF IQVED IETSK | IKTIMNH | 234
AtELO4/1-302 -VRRFEK! SPLFELYPSREV IDKSSPVIILEAVTY - - - - LTKTVDSKTQDVR | LQPS IATQAARFSEANSLYELDRATQE | INA | VEQQ 228
KIKti12/1-339 IQRYEE! SPLETILTSQDDISTLYTDHSKAIFPTVFKPATNDRDTEK | LQQLKPNNAT | LKAASHTNSLQ ILDSEASSVIK | IMKYM 263
CaKti12/1-288 LQMRYEE ISPLFTILSEDPQEK IPIEDIWNAEVL - - - - - - - - - oo oo oo KKAAPPNAATLVKPTSGNSFLQELDKKTQEVVTK |LQQQ 224
NtKti12/1-302 LVRRFER ISPLFELWPAKDG | DKLSTA -LTKKVDSKTRDVKILQPTIATQSARGSEANSLYEMDRATQEVTNA | VEAQ 228
OsKti12/1-301 VSREEK! ISPLFELFPSRDGVMESSPV -LTKKVDSKTRDVKVLQPTIATQTARTTEANSLYEMBDKATQEV INA | VEAQ 228
PpKti12/1-312 LVRRFER| ISRLFELHLGKED | HEDSQA! LTGNKNVGGSRNPQKLQPTIATQNPRTSETNSLYELBRATQE I VS | VVDAQ 228
DrKti12/1-275 LILRFEA ISPLFT- 1QQDDSL - -PFEACDALFK - - - - - = - v oo e e o RKAPPPNQSTKSQPLSSTNFLYELDKVTQDVLMAVLESQ 211
XIKti12/1-275 .- DSLVQRFEF ISPLFS - VHKDEKL - - PLE! - -RKAPPPNQSTQMQPL NF LHELDKVTQEVVTAVLSAQ 210
DmK(i12/1-299 143 SDVPYTRETFDA LCQRYEE ISPLVVVLP-KDTL - - DMEA] --SQPLPPNQSTYNAPLGTTNYLFELDK IVQA | IKEILGAV 231
MmKti12/1-351 198 SCA - FPPEVLESLALRFES! RPLETVVGLEEPL- - PLAE - -NRAPPPHQSTQSQPLASGSFLHQLDQATSQVLTAVMEAQ 286
BtKti12/1-354 200 SGAFYPPELLEALALRFEA RPLETLVGLEEPL- -PLAE; - -NRAPPPHQSTQSQPLASGSF LHQLDQVTSQVLAGLMEAQ 289
PiKti12/1-354 200 SGAFYSPELLEALTLRFEA RPLETLVGLEEPL- -PLAE - -NRAPPPHQS TQSQPLASGSF LHQLDQVTSQVLAGLMEAQ 289
Hskti12/1-354 200 SGAFYSPELLEALTLRFEA RPLETLVGLEEPL- -PLAGHRSALFE----------v--nn NRAPPPHQSTQSQPLASGSFLHQLBQVTSQVLAGLMEAQ 289

MPSTK/1-248 206 K- - = = = = = = = o« @ o e e e e LDKDK ;K.E K IKKME ------ EVDADRVLKE!
ScKti12/1-313 235 KSLTS IGGVSNGTRV | VSEG I TD INDDGCF FVDLP IGNVVTLAQISQEKEQEINE NKLR - - - - - - - DIDQDRIGPL
AtELO4/1-302 229 SLGAAI - ------ SRVTLGNELP--------- PIEICRPIG P K MGQSSLSGPPLPTDADSAKRR
KIKti12/1-339 264QQNVVSGGTS- --RI1I LTPENTDLNDPNCLVVDLS LQNCS| AMNRLR - - - - - - - NLEQDRVKPL|
CaKti12/1-288 225Q- | TPGDVV IDKNLVVAIPTGTA- - - cvccccmcannnn ‘FA R G‘.NRMR ------- SIEVDRIVPL
NtKti12/1-302 229 SHALGGPL - - - - - NGVSLGPGLP- { KLAGQTSLSGPPPPSDADSAKRI
OsKti12/1-301 229 SCGLGLPV- - - - -NKISLGPDLP--------- TIC KLAGQYSLSGPPPPADADSATRI
PpKti12/1-312 229 AQGVGGLV- - - - -RSVNLGEGLP | ISFNAALNALT | KLAGQSSLSGPPPPSDTKSAKRI
DrKti12/1-275 212 KTSVPG- ~a=DLESTPGATE- ~~~mi= === K1 | S¥ TKMH - - - - - P-TENIGQIANI

XIKti12/1-275 211 KTS I PG ---DVIMVPGASE - SY TKLH- - - - - P-NENISQLAN YLN -
DmKti12/1-299 232 K | KAFG ----QLRIPGSRN- - -PVKVATSMNAL! T&TCHAS- --QTSPTPLEQVPHL VQF INANTIGC- 299
MmKti12/1-351 287 KSAVPG ---DFLKLPGTTE- --PLRFTRPLT LQYENQSLH- - - 351

BtKti12/1-354 290 KSAVPG ---DLLKLPGTTE- --HLRFTRPLTI S --»TNNENLPQLAN LQYLESQSLH--- 354

PtKti12/1-354 290 KSAVPG ---DLLTLPGTTE- - -HLRF TRPLTMA S, ---PNNENLPQLANMELQYESQSLH--- 354
HsKti12/1-354 290 KSAVPG - HLRFTRPLTMAE Sy PNNENLPQLANMELQYESQSLH- - - 354

Figure S1. Multiple Ktil2 sequence alignment. Main functional domains of Ktil2 proteins are
conserved in a variety of species and archaeal PSTK [O-phosphoseryl-tRNA(Sec) kinase]. Protein
families (Pfam) database analyses and MUSCLE multiple alignment between archaeal PSTK
(MjPSTK; Q58933) and Ktil2 proteins from selected species reveals conserved protein motifs with
putative functional roles in NTP (P-loop, PL) and CaM binding (CBD1 and CBD2). Saccharomyces
cerevisinze S288C (ScKtil2; NP_012812.1), Arabidopsis thaliana (ELO4(AtKti12); NP_172840.1),
Kluyveromyces lactis NRRL Y-1140 (KIKti12; XP_455212.1), Candida albicans SC5314 (CaKtil2;
AOWS31075.1), Nicotiana tomensiformis (NtKtil2; XP_009612555.1), Oryza Sativa (OsKtil2;
XP_015615301.1), Physcomitrella patens (PpKtil2; EDQ67537.1), Danio rerio (DrKti12;
NP_001119890.1), Xenopus laevis (XIKti12; NP_001090073.1), Drosophila melanogaster (DmKtil2;
AAF45700.1 CG3587), Mus musculus (MmKti1l2; NP_083847.1), Bos taurus (BtKtil2;
NP_001074206.1), Pan tryglodytes (PtKtil2; XP_009456012.1) and Homo sapiens (HsKtil2;
NP_612426.1).
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Figure S2. ELP1 and KTI12 mutations rescue thermosensitivity of sec2-59% and sec12-4% mutants. (A)
Suppression of sec2-59%. Equivalent tenen-fold serial cell dilutions of the indicated strain
backgrounds were cultivated at permissive (25°C, left panel) and restrictive (31°C) temperatures for
3 d. Growth rescue of sec2-59 by ELP1 gene deletion (elp1A) and partial suppression by KTI12 gene
mutations (kti12A; kti12-4; kti12-8) is indicated (dotted arrows) in relation to wild-type SEC2 growth
(solid arrow). (B) Suppression of sec12-4t. Ten-fold serial cell dilutions of the indicated strain
backgrounds were cultivated at permissive (30°C, left panel) and restrictive (33°C, left panel)
temperatures for 3 d. Growth rescue of sec12's by ELPI gene deletion (elp1A) and partial suppression
by KTI12 gene mutations (kti12A; kti12-4; kti12-8) are indicated (dotted arrows) in relation to wild-
type SEC2 growth (solid arrow).
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Figure S3. Analysis of yeast ktil12 cross-complementation by ELO4 plant homologs. (A) Failure of
single-copy ELO4 from the three plant sources, i.e. from Arabidopsis (AtELO4), rice (OsELO4) and
moss (PpELO4),to rescue phenotypes triggered by a kti12A knock-out mutation, i.e. inviability at
39°C and sensitivity to caffeine. Equivalent ten-fold serial cell dilutions of the tester strains with the
indicated genetic backgrounds were cultivated under standard (30°C, left panel) or elevated
temperatures (39°C, middle panel) and in the presence of chemical stress (7.5 mM caffeine, right
panel) and grown for 3 d. Inviability at 39°C and sensitivity to growth inhibition by caffeine are
denoted by ‘S’; tolerance towards 39°C and caffeine stress are indicated by ‘T’". (B) Failure of multi-
copy plant ELO4 to induce resistance against expression of the y-toxin tRNase from plasmid
pHMSI14 [6], which is typical of cells maintaining multi-copy KTI12. Equivalent ten-fold serial cell
dilutions of the indicated tester strains were cultivated on glucose repressing (y-toxin: off, left panel)
or galactose inducing (y-tox: on, right panel) media and grown for 3 d at 30°C. Empty multi-copy
vector control is abbreviated by ‘ev’; Resistance/sensitivity towards conditional expression of
zymocin's y-toxin tRNase subunit on galactose is denoted by ‘R/S’.
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Figure S4. Hydropathy plots of Val-82 to Lys-102 spanning regions in Ktil2 & Kti12-8. The plots
were drawn using the method by Kyte and Doolittle [13]with ExPASy ProtScale
(http://web.expasy.org/protscale/pscale/Hphob.Doolittle.html) and a window size of 19. The x axis
indicates residues from Val-82 to Lys-102 in Ktil2 with the Gly-92 residue (and its G92D
substitution in Kti12-8) highlighted by a red arrow. The y axis indicates the relative hydrophobicity
score of each residue in the context of full-length protein, where values above the midpoint line
represent more hydrophobicity (internal sequences in the native protein) and ones below more
hydrophilicity (external sequences in the native protein). Gly-92 physically localizes at the most
hydrophilic surface in this region and the G92D substitution in Kti12-8 increases its hydrophobicity
negative score suggesting the mutation renders the protein surface at this region more exposed.
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