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S.cerevisiae 1 cececcaasccaaaccacaccaascccascccasccaancnas MPE | YGPQPLKPLNTVMRHGFEEQYQSDQLLQSLAND 37
S.pombe 1 MNDR | SEVSGSSRARRSVLSYGTTETGSDRYTENSN IATENGVDTASSMIDG I QSGFPQPRHGFEEEYNNAEY INMLEQV 80
human = 1 eeececcececcccsccecsccccssccccccccaccccanaaa MESEMLQSPLLGLGEEDEADLTDWN « = « = = = = = = = = 25
S.cerevisiae 38 FIFYFDDKRHKTNGNP | PEEDKQRDVNRYYQP | TDWK | MKDRQKTVSAALLLCLNLGVDPPDVMKTHPCARVEAWVDPLN 117
S.pombe 81 FYMYYTDKRHRGV | SKKNAEP = « = = « = = « = TET IHDWRMRERLKTVSAALLVCLN IGVDPPDV IKPNPAAKYECWIDPFS 151
human 26 LPLAFMKKRHCEK IEGS « = =« =« == v« KSLAQSWRMKDRMKTVSVALVLCLNVGVDPPDVVKTTPCARLECWIDPLS 92
S.cerevisiae 118 FQDSKKA | EQ1 GKNLQAQYETLSLRTRYKQSLDPCVEDVKRFCNSLRRTSKEDR | LFHYNGHGVPKPTKSGE IWFNRGY 197
S.pombe 152 LPASK -ALEA | GKNLQQQYETLSMRTRYRHYLDPA | EEVKKLC | GARRNAKEER | LFHYNGHGVPMPTASGE IWWFNKNY 230
human 93 MGPQK -ALET | GANLQKQYENWQPRARYKQSLDPTVDEVKKLCTSLRRNAKEERVLFHYNGHGVPRPTVNGEVWVFNKNY 171
S.cerevisiae 198 TQYIPVSLYDLQTWLGAPC | FVYDCNSAEN I L INFQKFVQKR | KDDEEGN - - - - - HDVAAPSPTSAYQDCFQLASCTSDE 272
S.pombe 231 TQY I PVSLYDLQSWLGAPC | YVYDCSAAGN | | VNFNRFAEQRDKEALR IAKQNP - - - - - NVLAMPSHTSC IQLAACGPKE 305
human 172 TQYIPLS 1 YDLQTWMGSPS | FVYDCSNAGL | VKSFKQFALQRE -QELEVAA INPNHPLAQMPLPPSMKNC | QLAACEATE 250
S.cerevisiae 273 LLLMSPELPADLFSCCLTCPIEISIRIFLMQSANGHATIEITEEIIIIISKNSFKSK | PNVN | PGMLSDRRTPLG 352
S.pombe 306 TLPMNPDLPADLFTSCLTSPIEISVRWYVLQN = = = == == sanacmananennan PFPNKLNLNMLLK | PGRLQDRRTPLG 363
human 251 LLPMIPDLPADLFTSCLTTP IKIALRWFCMQKCV SLVPGVTLDL | EKI PGRLNDRRTPLG 310
S.cerevisiae 353 ELNWIFTAITDT IAWTSLPRPLFKKLFRHDLMIAALFRNFLLAKR IMPWYNCHPVSDPELPDS I TTHPMWKSWDLAMDEV 432
S.pombe 364 ELNWIFTAITDT IAWNVFPKHLFRRLFRQDLMVAALFRNFLLAER IMLVHSCHPQSSPELPP - THDHPMWNSWDLA IDNC 442
human 311 ELNWIFTAITDT IAWNVLPRDLFQKLFRQDLLVASLFRNFLLAER IMRSYNCTPVSSPRLPP - TYMHAMWQAWDLAVD IC 389
S.cerevisiae AR AR I T \PPATALESQMI LQQQETLONGGSSKSNAQD TKAGS | QTQSRFAVANLSTMSLVNNPALQSRKS | SLQS SIEIH]
S.pombe 443 LSQLPDMLDAESKG IAYEYKHST

human 390 LSQLPTIIEEG-« - - - TAFRHSP

S.cerevisiae 513 eI e e el e ek dEF FEQNL TAF ELWLK YASNVRHPPEQLP | VLQVLLSQVHR IRALVLLSRFLDLGPWAVYLSLSIG 592
Spombe 866 «e-eececeanacnan FFSEQLTAFEVWLSQGL | SRKPPDQLPLVLQVLLSQVHRLRAL ILLSKFLDLGVWAVDLALSIG 529
human 4os ---------------- FFAEQLTAFQVWLTMGVENRNPPEQLP I VLQVLLSQVHRLRALDLLGRFLDLGPWAVSLALSVG 471
S.cerevisiae 593 IFPYVLKLLQSPAPELKPILVF IWARIMS IDYKNTQSEL IKEKGYMYFVTVLVPDWGVNGMSATNGSAMINSGNPLTMTA 672
S.pombe 530 IFPYVLKLLQSPAIELKPVLVF IWARILAVDDS -CQADLLKDNGYGYFVQILNPNSSIF«««u-x-- 587
human 472 IFPYVLKLLQSSARELRPLLVF IWAKILAVDSS -CQADLVKDNGHKYFLSVLADP « « = =« s s e s sacnaacnnannnans 525
S.cerevisiae 673 SQN INGPSSRYYERQQGNRTSNLGHNNLPFYHSNDTTDEQKAMAVFVLASFVRNFPLGQKNCFSLELVNKLCFYIDNSEI 752
S.pombe 588 caccacaccacaccacaccacaccaaanaaaa PSSN | SEHRAMCAF | LSVFCRGFPQGQLACLNPQVLS -HCLSHLNSPD 634
human 526 caccccascacaccacaccacaacascaaannaa YMPAEHRTMTAF ILAVIVNSYHTGQEACLQGNL IA- ICLEQLNDPH 570
S.cerevisiae 753 PLLRQWCV I LLGLLFADNPLNRFVCMNTGAVE I LLKSLKDPVPEVRTAS | FALKHF | SGFQDAEV I LRLQQEFEEQYQQL 832
S.pombe 635 SLLRQWACLC | SQLWENYSEAKWSGTRDNAHVKLAE | | VDSVPEVRASVLTAFTTFLG - FPEKTEEV - = =« == v = v s =« 700
human 571 PLLRQWVA | CLGR | WQNFD SARWCGVRD SAHEKLYSLLSDP | PEVRCAAVFALGTFVGNSAERTDHS « =« = = v = v v = v = = 637
S.cerevisiae 833 HSQLQHLQNQSHLQQQQSQQQQQHL EQQQMK | EKQIRHCQVMQNQLEV IDLRKLKRQE IGNL1SILPLINDGSSLVRKEL 912
S.pombe 701 coacaccacancacasaacacaacaaaassaaasaaanssacassaaannaans VAVETYIAIAALAALSDASPLVRHEL 726
human 638 cecccecccccccccccacccaccacccacaccascacascacaacaancaanaann TTIDHNVAMMLAQLVSDGSPMVRKEL 663
S.cerevisiae 913 VVYFSHIVSRYSNFF I VVVFNDLLEEIKLLEKSD INTRNTSDKYSVSQGS | FYTVWKSLL I LAEDPFLENKELSKQVIDY 992
S.pombe 727 VIFLSHFVVNYKKQLMVVAYESSLAD | LEKKNHNS | SAST I YETVWQAVLVLAADPS | EISLAAEAI IN--YVYQSMLNS 804
human 664 VVALSHLVVQYESNFCTVALQ----F I EEEKNYALPSPATTEGGSLTPVRDSPCTPRLRSVSSYGN IRA - - VATARSLNK 737
S.cerevisiae 993 | LLELSAHKELGGPFAVMEKFLLKRSSKAHQTGKFG - = = === s sssenscsannsasaseasanensnnsnasnnsnnnnns 1028
S.pombe 805 ELRESFLAFLLQHLPALHKASLSKDTDTNSVTSDPK « « = = =« « =« e s s asanacsannasaneasansasansasanns 840
human 738 SLONLSLTEESGGAVAFSPGNLSTSSSASSTLGSPENEEH I LSFET IDKMRRASSYSSLNSL IGVSFNSVYTQIWRVLLH 817
S.cerevisiae 1029 FNSSQVQFVKSSLRSFSPNERVDNNAFKKEQQQHDPK | SHPMRTSLAKLFQSLGFSESNSDSDTQSSNTSMKSHTSKKGP 1108
S.pombe 841 - -« -PHPFVPSVSENKILNRSFSLTRSLKG + =« = = v = v ansanannanannn LALSLAGSDRASELLSLNGENKPAESNL 894
human 818 LAADPYPEVSDVAMKVLNS IAYKATVNARPQRVLDTSSLTQSAPASPTNKGVH IHQAGGSPPASSTSSSSLTNDVAKQPV 897
S.cerevisiae 1109 SGLYLLNGNNN I YP« e e o s e e csaacnaacnaannannnn TAETPRFRKHTEPLQLPLNSSFLDYSREYFQEPQMKKQEA 1162
S.pombe 895 NHLTSAKVPGPP « = « v =« s s s e s ameasacaanacnanannnn AFNELEYQSELDMPLTSYLFDWSRKYFTEPQMRPNED 943
human 898 SRDLPSGRPGTTGPAGAQYTPHSHQF PRTRKMFDKGPEQTADDADDAAGHKSF | SATVQTGFCDWSARYFAQPVMK | PEE 977
S.cerevisiae 1163 DEPGSVEYNARLWRRNRNET | IQETQGEKKLS | YGNWSKKL | SLNNKSQPKLMKFAQFEDQL | TADDRST | TVFDWEKGK 1242
S.pombe 944 DEPGS I CYNQRLWRRNRNEKL | YRTRPLAEYSTNGRWNQQLMTFNNT IAPRKLMFHQFEDQL | TLGDKD | | QVWDWRRNR 1023
human 978 HDLESQIRKEREWRFLRNSRVRRQAQQV IQKG I T -RLDDQ I FLNRNPGVPSVVKFHPFTP -C IAVADKDS | CFWDWEKGE 1055
S.cerevisiae 1243 TLSKFSNGTPFGTKVTDLKL INEDDSALLLTGSSDGVIKIYRDYQDVDT - FK | VSAWRGLTDMLLTPRSTGLLTEWLQIR 1321
S.pombe 1024 CLNSFKTSASATTNVTDMQLLNEDDVALLMTGSSDGT IKLYRDYENEK - - VELVTSWNSLSDLVFGDRNASLLMSWQQNC 1101
human 1056 KLDYFHNGNPRYTRVTAMEYLNGQDCSLLLTATDDGA | RVWKNFADLEKNPEMVTAWQGL SDMLPTTRGAGMVVDWEQET 1135
S.cerevisiae 1322 GSLLTTGDVKV IRVWDAHTETVEVD | PAKTSSL I TSLTADQLAGN | FVAGFADGSLRVYDRRLDPRD SMIRRWRAGNDKQ 1401
S.pombe 1102 GHLLVAGDVRV IR IWDASKE I CYANLPVRSSNS I TSLTSDLVGCN | | VAGFSDGVLRVYDKRLPARDSLTDVWKEHS - - - 1178
human 1136 GLLMSSGDVR | VR IWD TDREMKVQD | PTGADSCVTSLSCDSHRS -L | VAGLGDGS IRVYDRRMALSECRVMT YREHT - - - 1211

S.cerevisiae 1402 GVWINNVHLQRGGYRELVSGATNGVVELWD IRSEDPVESFVDQNVTSQYGSQQKPTTMTCMQVHEHAP I IATG - - TKQIK 1479

S.pombe 1179 -SEIVNVEMQSSGMREL | SASSDGEVKLWD IRMNHSLQTFSTDNSG «««-LTSLTVHSHAPVYATGSSNQS IK 1246
human 1212 -AWVVKASLQKRPDGHIVSVSVNGDVR I FDPRMPESVNVLQIVKG = « = =« v e v v v LTALDIHPQADLIACGSVNQFTA 1278
S.cerevisiae 1480 IWTTSGDLLNSFKNSHNNGVTSTLAATGIPKSLSYSSTSDAFLSSMAFHPHRMMIAATNSHDSIVNIYKCEDERIDYF - - 1557
S.pombe 1247 IWDTLGQN INTFRENPR = = = v« e e v v e cnann FLNQPKPSSLMCLKFHPHHLLLACGDNTDSRVNLYSCTKNEIHTDSP 1310
human 1279 | YNSSGEL INNIKYYDG = = = =« e e v e eeennnn FMGQRVG-A I SCLAFHPHWPHLAVGSN -DYYISVYSVEKRVR - - - - - 1335
S.cerevisiae aaa

S.pombe 1311 NEF 1313
human .-

Fig. S1. Sequence alignment among Kogl and the orthologs.
Only Kogl from S. cerevisiae has insertions (Pink); the insertion loops interact with Tor2 in our

model structures.
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A WT K12 tor1A
SD (-N) (1 h) SD (-N) (1 h) SD (-N) (1 h)
Readdition of
YEPD (min) - 5 10 - 5 10 - 5 10
ag1s- | B e . e - IB: a-Atg13
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B
30°C 37°C
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WT
WT

Cont.
K12
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tor1A

YPK2D239A
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0.5 1 2.5
WT .
K12
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Fig. S2. Additional characteristics of Tor2(K12) mutant.

A. Recovery of Atgl3 phosphorylation by re-addition of nutrient after starvation. The wildtype, tor2(K12), and
tor14 strains harbouring ATG13 plasmid growing in YEPD at 30 °C were treated by nitrogen starvation (-N) for 1
hour. The phosphorylation states of Atgl3 were examined by immunoblotting at 0, 5, and 10 min after re-addition
of nutrient. The wildtype and for2(K12) strains were recovered quickly. The recovery of foriA strain was slower
than others.

B. Cell growth at high temperature (37°C). Left: Cell growth of the wildtype, for2(K12) and torIA strains at 37°C.
tor2(K12) strain is sensitive at higher temperature (37 °C). The figure of 30 °C data is the same as that of control
data in Fig. S5A, because these experiments were conducted at the same time with a shared control. Right: Cell
growth of for2(K12) strain with YPK2 mutant D239A). YPK2P?3°A mutant has been reported to constantly activate
TORC?2 signal pathway(Kamada et al., 2005). By the mutation of YPK2, temperature sensitivity of tor2(K12) strain
was suppressed. This result indicates the temperature sensitivity is caused by decreased TORC2 activity of
tor2(K12) strain.

C. Cell growth under different dilution series of rapamycin (Rapa). Cell growth of the wildtype, for2(K12) and tori4
strains were observed under 0, 0.5, 1, 2.5, and 5 g/mL rapamycin. for2(K12) strain is more sensitive to rapamycin

than forlA4 strain.
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1: A740Q L742Q
2: K768R A772Q A775Q A777Q L881Q
3: F817Q K818R
7 123
primer —
= TOR2 (7,400bp) in pRS316: Template for A to |

Az 7
e v
— A

[—

2

F 3
G 12|

H 1 3
! 23]
J (use D, G, H as template) lT 2 3

|
[ERARA

pRS314

J -
1oes
pudy

td

K1: A+B, K2: C+D, K3: E+F .
iy N . Transform the 2 or 3 fragments into yeast cell
223‘\;?;0' LSRELSaE g LEek C*MFJ l with linearized pRS314 vector
l Gap repair
7 pRS314 =
o )
Q 4

a designed TOR2 mutant in pRS314

Fig. S3. Protocol to construct Tor2 mutant plasmids.
A. gene fragments of designed Tor2 mutants were amplified by PCR using DNA primers.
B. the gene fragments were mixed with linearized pRS314 vector and transformed into yeast

cells. The plasmids of designed Tor2 were extracted from the transformed yeast cells.
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YEPD

1: BY4741 (WT)
2: BY4741 tor1A

3: BY4741 tor2(K12)

4: BYA741 tor1A tor2(K12) pRS316[TOR2]

Fig. S4. Cell-based assay of tor2(K12) strain derived from BY4741.
Cell-based activity assay indicated tor2(K12) strain derived from the BY4741 also have
no TORCT1 activity and keep TORC?2 activity, as is the case with that from the W303 (Fig. 3C).
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Table S1. Yeast strains used in this study.

Strain Genotype Source
W303a Mataade?2 his3 leu2 trpl ura3 canl Laboratory stock
W303a Mata ade? his3 leu2 trpl ura3 canl Laboratory stock
BY4741 Mata his3A1 leu2 A0 met15A0 ura3Al Laboratory stock
YYK332 BY4741 torlA::KanMX Laboratory stock
YYK799 W303a torlA:: KanMX pRS313["ATOR1] pRS316[*KOG1] This study
YYK1411 W303a tor2A::HIS3 pRS316[TOR2] This study
YYK1412 W303a torlA::KanMX for2A::HIS3 pRS316[TOR2] This study
YYK1414 W303a tor2A::HIS3 pRS314[TOR2VT] This study
YYK1418 W303a torlA::KanMX for2A::HIS3 pRS314[TOR2™"] This study
YYK1448 W303a tor2A::HIS3 AVO3™::HphMX pRS316[TOR2] This study
YYK1449 W303a torlA:KanMX tor2A::HIS3 AVO3™€::HphMX pRS316[TOR2] This study
YYK1464 W303a. tor2A::HIS3 AVO3™“¢::HphMX pRS314["ATOR2%T] This study
YYK1465 W303a. tor2A::HIS3 AVO3™“::HphMX pRS314["ATOR2 K 123] This study
YYK1467 W303a. tor2A::HIS3 pRS314["ATOR2™T] pRS316["*KOG1] This study
YYK1468 W303a tor2A::HIS3 pRS314["ATOR2 K123] pRS316[M*2K0OG1] This study
YYK1470 W303a torlA:KanMX tor2A::HIS3 pRS314["ATOR2™"] pRS316[*KOG1] This study
YYK1499 W303a tor2A::HIS3 pRS314[TOR2 K12] This study
YYK1500 W303a. tor2A::HIS3 pRS314[TOR2 K13] This study
YYK1501 W303a tor2A::HIS3 pRS314[TOR2 K23] This study
YYK1502 W303a torlA:KanMX tor2A::HIS3 pRS314[TOR2 K13] This study
YYK1503 W303a torlA::KanMX for2A::HIS3 pRS314[TOR2 K23] This study
YYK1528 W303a tor2A::HIS3 AVO3F“¢::HphMX pRS314["ATOR2 K12] This study
YYK1530 W303a tor2A::HIS3 pRS314["ATOR2 K12] pRS316[*¢KOG1] This study
YYKI1551 BY4741 tor2::BleMX:: TOR2 K12 This study
YYK1553 BY4741 torlA::NatMX for2::BleMX::TOR2 K12 This study
YYK1580 W303a torlA::KanMX tor2A::HIS3 pRS315[M"ATOR1] pRS314[TOR2 K12]
pRS316[MeK0OG1] This study
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Table S2. Plasmids used in this study.

Name Source
pRS316[TOR2] Laboratory stock
pRS314[TOR2] Laboratory stock
pRS314[TOR2 K1] This study
pRS314[TOR2 K2] This study
pRS314[TOR2 K3] This study
pRS314[TOR2 K12] This study
pRS314[TOR2 K13] This study
pRS314[TOR2 K23] This study
pRS314[TOR2 K123] This study
pRS314["*TOR2] Laboratory stock
pRS314["TOR2 K12] This study
pRS314["TOR2 K123] This study
pRS313[MATOR1] Laboratory stock
pRS315["*TOR1] Laboratory stock
pRS316[*KOG1] Laboratory stock
YEp352[ATG13] Laboratory stock
YCplac33["4SCHY] Laboratory stock
YEp352[MPK 1"4] Laboratory stock
YEp352[YPK2P*%4] Kamada et al. 2005
BYP9689 NBRP Yeast
BYP9689[TOR2(K 12) H3A] This study
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Table S3. DNA primers used in this study.

Name
AVO3-F2
AVO3-Rl1rc
AV03-4991
AVO03-59351c
TOR2seq-3104
TOR2-961
TOR2-3578rc
T3-PCR
T7-PCR
TOR2seq701
TOR2seq1200
TOR2seq1701
TOR2seq2203
TOR2seq2706
TOR2seq3208
TOR2seq3703
TOR2seq4206
TOR2seq4702
TOR2seq5203
TOR2seq5702
TOR2seq6201
TOR2seq6705

Sequence
GGGACAAAAGGCCGGCTAATTTTACACGTCGGATCCCCGGGTTAATTAA
CTATATACATTTATACATGCGGCCCTTTTTTGCTGAATTCGAGCTCG
CAATACCGCAATGACGATGACTCCATCG
GTAAGTCACGTGAAATATTTCCTGTGGC
GGCAGATTGAGTTCTGTCAACCCCG
GGCAGATTGAGTTCTGTCAACCCCG
CAAACGAACAGTTCCACGCCTGATATGAGG
CCAAGCGCGCAATTAACCCTCACTAAAGGG
TGAGCGCGCGTAATACGACTCACTATAGGG
GGGCGATGTCAGAATATTTACCCGG
GTCATATTGGTAAAATATCCTTTGT
CTAAGTTGGAATACAGGAGACATGC
GAAGAACATCGATATGAATGCTGCA
CAGATGCCCAAATTTTGATTCAGTG
GGAGGAAAGTGCAACTCTATTATGT
CGACATCGCATTGCTAATGCAAGGG
CTTTGGTTACTTTTGGGCCGAATCT
GAAGACCAAAGAAGATTGGCAAGAA
GGAAACTTGGTATGAAAAACTTCAA
GATAAACGTCTAACTATGAGAGAAA
GATTGAGCAATCCAGATTCGATCCT
CTGATCTAGGTAAGGCTCATCCGCA
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Name
TOR2seq7201
TOR2seq7704
TOR2seq8205
TOR2L527Q-1
TOR2L527Q-1rc
TOR21568Q-2
TOR21568Q-2rc
TOR2D606EK611R-3
TOR2D606EK611R-3rc
TOR2A740QL742Q-4
TOR2A740QL742Q-4rc
TOR2K768RtoL781Q-5
TOR2K768RtoL781Q-51rc
TOR2F817QK818R-6
TOR2F817QK818R-6rc
TOR2 922
TOR2 8529rc

Sequence
GCCAAAACTACTATCTGCGCATGAT
CGGAGGGACAAGATCTTTATAAGGT
CCGAAGAAGAAGTTCAAAGGGTGGA
TTACTGTCGATATCCCAATCTGGTGAAAAA
TTTTTCACCAGATTGGGATATCGACAGTAA
GAATCTAATGACGATCAAACAGATGCCCAA
TTGGGCATCTGTTTGATCGTCATTAGATTC
ACATTGAGCATGAGGAGTCGTCTGTCAGACGTCTGGCAGCATTAACG
CGTTAATGCTGCCAGACGTCTGACAGACGACTCCTCATGCTCAATGT
CAAAAAAAAAGGAGGAAAGTCAAACTCAGCTGTGTACGCTGATAAATTC
GAATTTATCAGCGTACACAGCTGAGTTTGACTTTCCTCCTTTTTTTTTG
GACGTCATTCTTCCGCGGTGCCAGGATCAATCATCTCAAGTACAATCCACCGCTCAAAAGGTTTTGGGTGAAC
GTTCACCCAAAACCTTTTGAGCGGTGGATTGTACTTGAGATGATTGATCCTGGCACCGCGGAAGAATGACGTC
GACCAATCAAACTCTCAAAGAAGAGATGCCGCCTTAAC
GTTAAGGCGGCATCTCTTCTTTGAGAGTTTGATTGGTC
CATAAAGAGCATAGICATTAAGATCAAATAGTTATC
GTTAGTAACGTCACGCTCGGAACTAAACATTAAIG
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