Supplementary Table 1. Data collection, phasing and refinement statistics

Native =~ ATPyS-Mg ADP-Mg-F AMPPNP- Au U
Mn
Data collection
Space group P2,2,2 P2,2,2 P2,2,2 P2,2,2 P2,2,2 P2,2,2
Cell dimensions
a, b, c(A) 163.2, 162.8, 163.8, 162.9, 163.3, 162.8,
207.8, 203.7, 208.5, 207.2, 209.2, 207.6,
139.4 138.7 138.5 140.0 139.7 139.0
a B,y () 90, 90, 90 90, 90, 90 90,90,90 90,90,90 90,90,90 90, 90, 90
Resolution (A) 30.0-3.2 100.0-3.3 100.0-3.5 100.0-3.7 35.0-4.1 30.0-4.0
(3.31-3.2)*  (3.42-3.3) (3.63-3.5) (3.83-3.7) (4.254.1) (4.14-4.0)
Rsym 0.107 0.149 0.185 0.178 0.197 0.186
(0.538) (0.612) (0.665) (0.642) (0.615) (0.704)
l/ol 11.3 7.8 5.9 11.7 9.2 9.6
(1.8) (1.4) (1.4) 2.3) (2.8) (2.3)
Completeness (%) 95.8 98.5 94.6 99.6 98.4 88.9
(79.4) (95.3) (83.6) (98.1) (99.1) (89.1)
Redundancy 3.7 4.4 3.6 6.4 6.6 6.2
(2.3) (2.5) 2.4) (5.5) (6.4) (5.6)
Refinement
Resolution (A) 30.0-3.2 100.0-3.3 100.0-3.5
No. reflections 66653 63147 49387
Ryor/ Riee 222/256 23.3/26.8 23.1/25.1
No. atoms
Protein 22126 22126 22126
Ligand 0 66 66
B-factors
Protein 77.2 70.8 74.5
Ligand/ion - 64.4 64.3
R.m.s deviations
Bond lengths (A)  0.009 0.007 0.006
Bond angles (°) 1.418 1.253 1.133

*Highest resolution shell is shown in parenthesis.



Supplementary Table 2. Superpositions of mTOR and PI3K kinase domains (rmsd in Ca
positions in A)

Kinase domain mTOR PI3K C3 pl10a pl10B pl10y p110d
mTOR - 1.7 1.9 1.7 1.7 1.8
(493)* (252)# (256) (221) (249) (243)
PI3K C3 (3IHY)t 1.8 1.6 1.8 1.4
(340) (289) (291) (294) (292)
PI3K p110a (2RDO) 1.6 1.7 1.4
(344) (310) (288) (299)
PI3K p110p (2Y3A) 1.5 1.1
(360) (288) (332)
PI3K p110y (1E8X) 1.5
(352) (288)
PI3K p1108 2WXF) -
(352)

*Number of ordered residues in the structure of the specified kinase domain.
#Number of residues that superimpose at the indicated r.m.s.d.
+PDB id.



Supplementary Table 3. Inhibitor data collection and refinement statistics

Torin2 PP242 PI-103
Data collection
Space group P2,2,2 P2,2,2 P2,2,2
Cell dimensions
a, b, c(A) 164.3, 163.8, 163.6,
208.3, 207.0, 207.7,
138.8 139.3 138.3
a By (°) 90, 90, 90 90, 90, 90 90, 90, 90
Resolution (A) 40.0-3.55 40.0-3.45 40.0-3.6
(3.68-3.55)* (3.57-3.45) (3.73-3.60)
Reym 0.187 0.176 0.226
(0.669) (0.629) (0.650)
I/ol 7.3 5.8 4.7
(1.7) (1.3) (1.5)
Completeness (%) 95.6 97.0 89.0
(71.1) (91.2) (76.9)
Redundancy 3.5 3.8 33
(2.0) 2.7 2.5
Refinement
Resolution (A) 40.0-3.5 40.0-3.45 40.0-3.6
No. reflections 49412 52634 40902
Ryork/ Riee 22.8/259 23.5/27.1 24.0/27.5
No. atoms
Protein 22126 22126 22126
Inhibitor 64 46 52
B-factors
Protein 76.1 68.9 65.7
Ligand/ion 343 36.1 30.1
R.m.s deviations
Bond lengths (A)  0.007 0.007 0.006
Bond angles (°) 1.279 1.277 1.219

*Highest resolution shell is shown in parenthesis.
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Supplementary Figure 1. Phosphorylation of S6K1 and 4EBP1 by the mTORAN-mLST8 and
mTORCI1 complexes.

a, Phosphorylation of the indicated concentrations of full-length S6K1 harboring a kinase inactivating
mutation (K100R, thereafter S6K 1) by mTORAN-mLST8 and mTORC1 (each at 100 nM
concentration). Top panels are **P autoradiograms and lower panels are immunoblots using an S6K 1
phosphoThr389-specific antibody. Reactions were performed as described in methods. Graph shows

quantitation of the **P autoradiograms (blue circles for mTORAN-mLST8, and red triangles for
mTORC1).

b, Phosphorylation of the indicated concentrations of full-length 4EBP1 by mTORAN-mLST8 and

mTORCI1. Assays were performed as in (a), except for immunoblotting with an antibody specific for
4EBPI1 phosphorylated at Thr37 and Thr46.
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1385 ERAAKCRAYAKALHYKELEFQKG. . .. .P.TPAILESLISINNKLQQPEAAAGVLEYAMKHFGELEIQATWYEKLHEWEDALVAYDKKMDTN. . . .. .PELMLGRMRCLEALGEWGQLHQQCCEKW . . . . TLVNDETQAKMARM human
1368 ERAAKCRAYAKALHYKELEFQKG. . .. .A.SPLILESLISINNKLQQPEAASGVLEYAMKHFGELEIQATWYEKLHEWEDALVAYDKKIDMN. . . . .PELILGRMRCLEALGEWGQLHQQCCEEW. . .. TLVSEETQAKMARM fish
1352 TRAMACRAYAKALRYKEEEFLLR. . . .E.DSQVFESLILINNKLQQREAAE GLLTRYRNAANELNVQGRWYEKLHNWDEALEHYERNLKTD LEARLGHMRCLEALGDWSELSNVTKHEW . . . .ENFGTEAKSRAGPL fly
1334 EYAERCHAYAKALHYKEIKFIKE. . .P.ENSTIESLISINNQLNQTDAATI GILKHAQQHHS . LQLKETWFEKLERWEDALHAYNEREKAG . . VSVTLGKMRSLHALGEWEQL SQLAARKW KVSKLQTKKLIAPL cerev
1229 AHASKCNVYAKALHYTELQFVQET . .KEEVSISTIESLITINNHLQQSDAAVGMLQYTKEHKQ.FSLKETWYEKLHRWDDALAAYEHREREG. . FEINIGKLRCYYALGDWDHL SELAQKAW VTSEQEHREATAPL pombe
1312 ALAEKCRVFAKALHYKEMEFEGPR.. . SKRMDANP . VAVVEALTHINNQLHQHEAAVGILTYAQQHLD . VQLKESWYEKLQRWDDALKAYTLKASQTT. . . LEATLGQMRCLAALARWEELNNLCKEYW . . . SPAEPSARLEMAPMplant

1441 RWAEQTKAFAKACRYKEMSVLKKSGSMQTTFTRKV . KLEPNDCQSLITYANKLNVQEEAAGVVRYAERNEMNFQMRGRWYEKLNEWEKAL GAYEL EEKKKSSCPNLQVYDEKDHLMTPEEAATAEEARMHEMRCLEALGRWDELNSKSVVWADQRGNRNDSVRDEINKKQLDHKMAVI worm
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1516 AAAAAWGLGQWDSMEEYTCMI. .
AAAAAWGLGHWDSMEEYTCMI
AAVAAWGLQDWEAMREYVRCT
AAGAAWGLGEWDMLEQYISVM

. .RDTHDGAFYRAVLALHQDLFSLAQQCIDKARDLLDAEL TAMAGESYSRAYGAMVSCHMLSELEEVIQYK. .LVP. .
.RDTHDGAFYRAVLALHQDLFSLAQQCIDKARDLLDAELTAMAGESYSRAYGAMVSCQMLSELEEVIQYK. .LVP
.EDTQDGSYYRAVLAVHHDDFETAQRLIDETRDLLDTELTSMAGESYERAYGAMVCVQMLAELEEVIQYK. .LIP. .
.PKSPDKEFFDAILYLHKNDYDNASKHILNARDLLVTEISALINESYNRAYSVIVRTQIITEFEEIIKYKQ.LPPN.

. .ERREIIRQIWWERLQGCQRIVEDWQKILMVRSLVVSPHEDMRTWLKYASLCGKSGRLALA human
ERRDITRETWWERLQGCQRIVEDWQRILMVRSLVINPHEDMRTWLKYASLCGKSGRLALA fish
.. ERREPLKTMAWKRLQGGQRLVEDNRRITQVHSLVVKPHEDTHTWLKYASLCRKSGSLHLS fly

. SEKKLHYQNLWTKRL LGCQKNVDLWQRVLRVRSLVIKPKQDLQIWIKFANLCRKSGRMRLA cerev
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AAAAAWGLGQWNLISEYVSAM. . RDPQDKEFFSATSAVHLGQYNKAYGHIERHRDILVNDL SSTTGESYNRAYGIMVKSQMLSELEETTDYKKN . MQY . . . . . ENNLDSLKKTWRKRLEGCQKNVDVWHNTLRFRALVL SPQDSPEMNTKLADLCRRSDRLKLS pombe
AAQAAINMGEWDQMAEYVSRLDDGD LASPVSSGDGSSNGTFFRAVLLVRRAKYDEAREYVERARKCLATEL AALVLESYERAY SNMVRVQQLS ELEEVIEY . . YTLPVGNTIAEERRAL TRNMTQRIQGSKRNY EWIQALLAVRALVLPPTEDVETWLKFASLCRKSGRISQA plant
AARGAWAVDNWERMADYVSVI. .. ... .. ... .. S ENTQDGAMLRAVVAVHNDENTKAMGL TEKVREMIDSEL TAMANESYERAY TPMVSVQQMAELEEATEY . .KTRP. . . .. .. ERRPRIALLWSRRLQGCRRNVEQNQRL IMLRGLVL SPQEMHPLRVKF SSMCRKQGKNSMS worm
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1670HKTLVLLLG. .VDPS . RQLDHPLPTVH. . . PQUTYAYMKNMNKSA . . . RKTDAFQHMQHFVQTMQQQAQH AT ATEDQQHKQELHKLMARCFLKL GEWQLNLQ GINESTIPKVLQYYSAATEHDRSHYKAWHAWAVMNFEA human

HKTLVLLLG. .VDPS.KQLDHPLPTAH. . .PHVTYAYMKYMWKST . . . RKIDAFQHMQHFVQGMQQQAQH. . . .AI.AAEDQQHKLELPKLMARCFLKLGEWQLSLQ. .
HKTLVMLLG. . TDPK.LNPNQPLPCNQ. . . PQVTYAYTKYMAANN. . .QLQEAYEQLTHFVSTYSQELS. . CLPPEALKQQDQRLMARCYL RMATWQNKLQD
NKALNMLLEGGNDPS.LPNTFKAP. . . ... PPVVYAQLKYIWATG. . .AYKEALNHLIGFTSRLAHDLGLDPN.NMIAQSVKLSSASTAPYVEEYTKLLARCFLKQGEWRIATQP. .
NQCLTYLMG. .RDPS. . .NAYPLDSLKLLNPHVVYTYLKYLWATD. . .QKNIAVSELEEFTSYLSSKHG. . YKMGDSSKLVDI . . LASSSVSSEERSFLARCFHKLGKWKKSLQD. . . . SVNQESVRDILNCYFYATLFDKSWYKAWHSWALANFEV pombe
KSTLLKLLPFDPEVSPENMQYHGP. . . . .. PQVMLGYLKYQWSLGEERKRKEAFTKLQILTRELSSVPH. . ... .SQSDIL.ASMVSSKGANVPLLARVNLKLGTWQWALSS. . . .GLNDGSIQEIRDAFDKSTCYAPKWAKAWHTWALFNTAV plant
RAVLRELL . SLPANSDL . VRAKAPFDK. . .PLLVLALAKQLYQDD. . .HKDEAIRALEDLANHWNKRIN. .P. .. .IPKATGRELI .PPSTKEPARICAKVLLKLGEWTELKSKTSNNMQVGELSFVRQQVSPQYRTKESRTPETIAFENTINYYQQATQYDPGWHKVWHKLASTHFYAworm

. .GINESTIPKVLQYYSHSTEHDRNWYKAWHAWAVMNFEA fish
SIRPDAIQGALECFEKATSYDPNWYKAWHLWAYMNFKV fly
. .NWRNTNPDAILGSYLLATHFDKNWYKAWHNWALANFEV cerev
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1801 VLHYKHQNQARDEKKKLRHASGANITNAT AA'I'rAATAﬁTASTEGSNS SEAESTENSPTPSPL.Q. . . KKVIEDLSKTLLMYTVPAVQGFFRSISLSR. . .
VLHYKHQNQGRDEK.. . KLRHASGA . . SANSEASNSDSEADSTEHSPVPSP . GQ. . . KKVNEDLSKTLLLYTVPAVQGFFRSISLSR.
VQAQKSALDKQQP. . PG ASMGMTMG. . . . . SGLDSDLMIIQRYAVPAVQGFFRSISLIK.
TSMVQEETKLNGGK . NDDDDDTAVNNDNVRIDGSILGSGSLTT . NGNRYPLEL TQRHVVPATKGFFHSISLLE .
VGYYEQTEHGVTQ. . . .DMYEQYIVPAIKGFFHSSVLNQ.

. .NNLQDTLRVLTLWFDYG . HW. PDVN human
. .NNLQDTLRVLTLWFDYG.HW.PEVN fish
. .NSLQDTLRLLTLWFDYG.NH.AEVY fly

. .SCLQDTLRLLTLLFNFG.GI.KEVS cerev
K. .NSLQDILRLLNLWFKFG.EH.SDVApombe
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MSHYTSRGQIASQ. - -« - -+« e e e e e e oo YVVSAVTGYFYSIACAAN . - AKGVDDSLQDILRLLTLWFNHG AT . ADVQ plant
VCRERPHPTTVIS PPQQ. PQQPKKMHIP . . .PVTRATSPP . PPAQKSPQPAPF . HSITEPLSVIIDYPVPPPLGSLVGLPPMPAYL SSNSSLPPQHHHVSPLSNDSPSNSAENKL YL KHAAHAVRCFAKALMCSPG. . SRLEDTLRLMQLWFDHGDDKDQDVY worm
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1921 EALVEGVKAIQIDTWLQVIPQLIARIDTP. PLVGRLIHQLLTDIGRYHPQALIYPLTVAgKSTTTARHNAANKILKNMCEHSNTLVQQAWIVSEELIRVAILWHEMWHEGLEEASRLYF &ERNVKGMFEVLEPLHAMWEF&G PQTLKETSFNQAYGRDLMEAQEWCRKYMKS human
EALVEGIKTIQIDTWLQVIPQLIARIDTP.RALVGRLIHQLLTDIGRYHPQALIYPLTVASKSTTTARHNAANKILKNMCEHCNTLVQQAIMVSEELIRVATLWHEMWHEGLEEASRLYF . . . . GERNVKGMFAVLEPLHAMMERG. . . .PQTLKETSFNQAYGRDLMEAQDWCRKYMRS fish
EALLSGMKLIEINTWLQVIPQLIARIDTH.RQLYVGQLTIHQLLMDIGKNHPQALVYPLTVASKSASLARRNAAFKTLDSMRKHSPTLVEQAVMCSEELTRVATLWHEQWHEGLEEASRLYF . . . . GDRNVKGMFEILEPLHAMLERG. . . .PQTLKETSFSQAYGRELTEAYEWSQRYKTS fly
QAMYEGFNLMKIENWLEVLPQLISRIHQP . DPTV SNSLLSLLSDLGKAHPQALVYPLTVATIKSESVSRQKAALSITEKIRIHSPVLVNQAELVSHELTRVAVLWHELWYEGLEDASRQFF . . . . VEHNIEKMFSTLEPLHKHLGNE . . . . PQTLSEVSFQKSFGRDLNDAYEWLNNYKKS cerev
AAIVEGFSNVPMDTWLEVIPQLIARIHTS. SSSVRASVHQLL SDIGRVHPQALVYSLTVSSKSTNPQQKHSAKSIMDSMLSHSDTLVRQALLVSQELIRVATILWHELWYEGLEEASQAYF . . . . SDHDISLMIDIVKPLHETLEKG. . ..PSTLSEISFAQTFGYDLRKARSYWQKFLQD pombe
TALKTGFSHVNINTWLVVLPQITARIHSN.NRAVRELIQSLLIRIGENHPQALMYPLLVACKSISNLRRAAAQEVVDKVRQHSGALVDQAQLVSHELIRVAILWHEMWHEALEEASRLYF . . . . GEHNIEGMLKVLEPLHDMLDEGVKKDSTTIQERAF IEAYRHELKEAHECCCNYKIT plant
FALTETIFDLPVTTWLEATPQLMARLDCPDDQKSVQLVLRVLCETARHRPQAVIYALTVASRSKDVHRSKNAGTVLEKMMEYHSKLVREASLVTEELVRCATLWHEQWHDALDDASRVYFHRRLQDNNVQAMFDALRNMNDLMQKG . . . APTTMKEHSFQQTYSSDLKEAGRYVQAFESS worm

532 MRSLLAAQQTFVDRLVHLMKA . .. ...ttt e e e et ettt et e PIK3C3
ATP loop LBE
fad kBO ko2 ka2b kBl kB2, kB3 kB4 kB5 ko3 ka3b kB6, kB7 ko4 kaidb
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2092 GNVKDLTQAWDL YYHVFRRISKQLPQL TSLELQYVSPKLLMCRDLELAVPGTYDPNQP! IRIQSIAPStQVITSKQRPRKLTLMGSNGHEFVFLLKGHEDLRQDERVMQLFGLVNTLL NDPTSLRKNLSIQRYAVIPLSTNSGLIGWVPHCDTLHALIRDYREKKK. ILLNIEHRIMLR human
GNVKDLTQAWDL YYHVFRRISKQLPQLTSLELQYVSPKLLMCRDLELAVPGTYDPNQSIIRIQSIAPSLQVITSKQRPRKLTIMGSNGHEFMFLLKGHEDLRQDERVMQLFGLVNTLLANDPASLRKNLSIQRYAVIPLSTNSGLIGWVPHCDTLHALIRDYREKKK. ILLNIEHRIMLR fish
AVVMDLDRAWDIYYHVFQKISRQLPQLTSLELPYVSPKLMTCKDLELAVPGSYNPGQELIRISIIKTNLQVITSKQRPRKLCIRGSNGKDYMYLLKGHEDLRQDERVMQLFSLVNTLLLDDPDTFRRNLAIQRYAVIPLSTNSGLI GWVPHCDTLHTLIRDYRDKKK . VPLNQEHRTMLN fly
KDINNLNQAWDIYYNVFRKITRQIPQLQTLDLQHVSPQLLATHDLELAVPGTYFPGKPTIRIAKFEPLFSVISSKQRPRKFSIKGSDGKDYKYVLKGHEDIRQDSLVMQLFGLVNTLLKNDSECFKRHL DIQQYPATPLSPKSGLL GWVPNSDTFHVLIREHRDAKK . IPLNIEHWVMLQ cerev
GDPTELNQSWDL YYQVFRRIQKQLPRIKHLELQYVSPKLLDACDLELAVPGTYGHNKPVIRI SHFHHTFEVISSKQRPRRLTIHGSDGKDYQYVLKGHEDLRQDERVMQLFGLCNTLLTTDSETFKRRLNIERYTVIPLSPNSGLL GWVPHSDTLHFLIKEFRSKRN. TLLNLEHRMMLQ pombe
GKDAELTQAWDL YYHVFKRIDKQLASL TTLDLESVSPEL LLCRDLELAVPGTYRADAPVVTISSFSRQLVVITSKQRPRKLTTHGNDGEDYAFLLKGHEDLRQDERVMQLFGLVNTLLENSRKTAEKDL STQRYSVIPLSPNSGLIGWVPNCDTLHHLIREHRDARK . TILNQENKHMLS plant
GNVKDLNQAWEIYCSVFKKLRDQLATLNSLDLVYVSPNLVSAKDLELVVPGTYDPSAPIVSIQSFSSKMNVITSKQRPRKMVIRGSNGLDYQFLLKGHEDPRQDERVMQLFGLVNTLLANNSETCRRNLTIQRYSIVALSKDSGLI GWVPNCDTLHTLVKEYREKKAKIPLSIEHKTLQK worm

............ VQRESGNRKKKNERLQALLGDNEKMNLS . .DVELIPLPLEP. . .. .QVKIRGIIPTATLFKSALMPAQLFFKTEDGGKYPVIFKHGDDLRODOLTLOTISLMDKLLRKEN. . . .LDLKLTPYKVLATSTKHGFMOFTQ. SVPVAEVLDTEG. ...............PIK3C3
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2271MAPDYDHLTLMQKVEVFEHAVNNTAGDDLAKLLWLKSPSSEVWFDRRTNYTRSLAVMSMVGYILGLGDRHPSNLMLDRL SGKILHIDFGDCFEVAMTREKFPEKIPFRLTRMLTNAMEVTGLDGNYRITCHTVMEVLREHKDSVMAVLEAFVYDPLLNWRLMDTNTKGNKRSRTRTDSYS human
MAPDYDHLTLMEKVEVFEHAVNNTAGDDLAKLLWLKSPSSEVWFDRRTNYTRSLAVMSMVGYILGLGDRHPSNLMLDRL SGKILHIDFGDCFEVAMTREKFPEKIPFRLTRMLTNAMEVTGLDGNYRITCHTVMEVLREHRDSVMAVLEAFVYDPLLNWRLMDTNTKGNKRSRTRTDSYT fish
FAPDYDHLTLMQKVEVFEHALGQTQGDDLAKLLWLKSPSSELWFERRNNYTRSLAVMSMVGYILGLGDRHPSNLMLDRMSGKILHIDFGDCFEVAMTREKFPEKIPFRLTRMLIKAMEVTGIEGTYRRTCESVMLVLRRNKDSLMAVLEAFVYDPL LNWRLLDVDKKGNDAVAGAGAPGG fly
MAPDYENLTLLQKIEVFTYALDNTKGQDLYKILWLKSRSSETWLERRTTYTRSLAVMSMTGYILGLGDRHPSNLMLDRITGKVIHIDFGDCFEAAILREKYPEKVPFRLTRMLTYAMEVSGIEGSFRITCENVMRVLRDNKESLMATLEAFALDPL IHNGFDLPPQKLTEQTGIPLPLIN cerev
MAPDCDSLTLLQKLEVFEYVMANTDGYDLYHVLWLKSRSSEAWLDRRTSYTQSLAVMSMVGYILGLGDRHPSNLMMDRYSGKITHIDFGDCFEVAMHREKFPEKIPFRLTRMLINAMEVSGIQGTYKITCELVMRVLRSNTESLMAVLEAFVYDPL INWRLMTKSSFGASTTLRPTSSSV pombe
FAPDYDNLPLIAKVEVFEYALENTEGNDL SRVLWLKSRSSEVWLERRTNYTRSLAVMSMVGYILGLGDRHPSNLMLHRYSGKILHIDFGDCFEASMNREKFPEKVPFRLTRMLVKAMEVSGIEGNFRSTCENVMQVLRTNKDSVMAMMEAFVHDPL INWRLFNFNEVPQLALLGNNNPNA plant
LSLETEHLTLMQKLQLFESALSVTQGEDLRHVLWLKSPSSEVWFDRRTNYTRSVACMSMVGYILGLGDRHPSNLMLDRLTGKVVHIDFGDCFEVAMLREKFPERVPFRLTRMLINAMEVTGLDGVYNYTAERVLKMLRTNQESLLAVLEAFVYDPVINWRLVEGKDTGGRQNMAGAVLPS worm

........................... SIQNFFRKYAPSEﬁISAEVMDTYVKSCAGY(VITYILGVGDRHLDNLLLTK.TGKLFHIDFGVILGRDP, . 4KPLPPPMKLNKEMVEGMGGT\EQQYQEFRKQCVTAFLHLRRYSNLILNLFSLMVDANIP, e eiiiio.....PIK3C3
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2451. AGQSVEILD&VELGEPAHKI‘(TGTTVPESIHSFIGDGLVKE’EALNKKAIQiINRVRDKLTGRDF SHDDTLbVPTQVELLIkQATSHENLCQCYIGWCPFW human
.AGQSVEAMEGIDLGETTHKKPGTTVPESIHSFIGDGLVQPEALNKKATQIINRVRDKLTGRDF . . .. SHDETLDVPTQVELLIKQATSHENLCQCYIGWCPFW fish
.RGGSGMQDSLSNSVEDSLPMAKSKPYDPTLQQGGLHNNVADETNSKASQVIKRVKCKLTGTDF QTEKSVNEQSQVELLIQQATNNENLCQCYIGWCPFW fly
. PSELLRKGAITVEEAANMEAEQQNETKNARAMLVLRRITDKLTGNDI KRFNELDVPEQVDKLIQQATSIERLCQHYIGWCPFW cerev

.. .EEKGRSYTHRARHADYAALSETNGVNAEGLNERSIQVLKRVSNKLTGKDF . . . DLKEQLPVKAQVEKLIQQATAPENLCRCYVGWCSFW pombe
PADVEPDEEDEDPADIDLPQPQRSTREKEILQAVNMLGDANEVLNERAVVVMARMSHKLTGRDFSSSAIPSNPIADHNNLLGGDSHEVEHGLSVKVQVQKLINQATSHENLCQNYVGWCPFW plant
.................................... MKKDPKTRSSTTDSIMETIKRKLDGTEF................VHTDGSTPPEPLQVTEQLAMLTEQATSPLNLCQSYIGWCPFW worm
.......................................... DIALEPDKTVKKVQDKFRL..........................DLSDEEAVHYMQSLIDESVHALF............ 871 PIK3(C3
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structure as solid lines, and disordered regions as dashed lines. The various domains are colored as in

Figure 1a. The boundaries between the three TRD and one HRD domains are indicated by arrows.
Segments discussed in text are indicated by horizontal brackets and are labeled. Active site residues

Supplementary F
of human mTORAY,

a,



are marked by asterisks. The structure-based sequence alignment of the human PIK3C3, a type 3 PI3K
(PDB 3IHY), is given as the last sequence extending across the kinase domain. The PIK3C3 residues
that superimpose on mTOR are underlined, and dots represent insertions in the mTOR KD relative to
PIK3C3.

b, Plot of the temperature factors (vertical axis of each panel in A%) of the mTORAN Ca atoms from
one of the two mTORAN-mLST8 complexes in the asymmetric unit of the apo crystals. The overall
temperature factor of this entire mTORAN protomer is 75.47 A% (92.60 A? for the second protomer),
and of the kinase domain excluding the FRB is 50.44 A* (61.37 A for the second protomer).



a FRB

028 kol fol fo2 fo3a fo3
— I — } T H ]
1?90 2?00 2?10 2?20 2930 2940 2?50 2?60 2070 2080 2?90
************ TTTARHNAANKILKNMCEHS-NTLVQQAMMVSEELIRVAT - - - - LWHEMNHEGLEEASRLYF ERNVKGMFEVLEPLHAMMERG- - - - - - -PQTLKETSFNQAYGRDLMEAQEWCRKYMKS mTOR_human
~TTTARHNAANKILKNMCEHC-NTLVQQATIMVSEELIRVAI - - - - LWHEMWHEGLEEASRLYF GERNVKGMFAVLEPLHAMMERG-- --PQTLKETSFNQAYGRDLMEAQDWCRKYMRS mTOR_fish
~ASLARRNAAFKILDSMRKHS-PTLVEQAVMCSEELIRVAT LWHEQWHEGLEEASRLYF DRNVKGMFEILEPLHAMLERG-- PQTLKETSF SQAYGRELTEAYEWSQRYKTS mTOR_fly
1906 SNKDEPKSGLNEDQAMMQDCY SKIVDKLSSAN-PTMVLQVQMLVAELRRVTV--- - LWDELWLGVLLQQHMYVLRRIQQLEDEVKR- -~ -~~~ -~ -~~~ VQNNNTLRKEEKTAIMRERHTALMKPIVFALEHVRSITA-APAETPHEKWFQDNYGDATENALEKLKTPL - Smg1l_human

1888 SRGEEMVMYSSEDQAMMQDCY SKIVDKLSSAN-PTMVLQVQMLVGELRRVTL - - - -LWDELWL GVLQQQHMHVLRRIQQLEDEVKR-

VQNNNTLRKDEKVAIMREKHSALMKPVVFALDHVRSITA-APAETPHEEWFQETYGDATHNALERLRSPL- Smgl_fish

1701 - ~PATARPTTEDACCYGYL LGELSKQA-PEAVQHVKLMVKELRRVCL -~~~ LWDEYWIHSLAHIYNTYVSRVSALATDF--~ RPDDHEGKNNRFNVWRPQLLADLEALVAVTS-RPPETTYERSFRKRFDAPIRLTVDALRHRR- Smgl_fly
2186 - ~SYPMRVNRCKEILNKATHMKKSL -EKFVGDATRLTDKLLELCNKPV ATR_human
2188 - -SYPTRMNRCKEILKKAISLNDSF-MKFIGDANRLTDKLLELGNKPV- ATR_fish
2067 - ~AKAHRIKRCKLVLTDSRLQNSTF-QKLLQDFNSLTERLMDLTNKEV- ATR_fly
2585 KNVPKQS - --SQLDEDRTEAANRIICTIRSRR-PQMVRSVEALCDAY ITLAN ATM_human
2594 KNAPKQI - -- SQLDKERMEAARHI VDTIKKRR-TDMVRDVERLCDAY ITLAN ATM_frog
2318 HLDGENS---NTERSGIARKITAMICEKNGTA-GECSKQLESLLPALITFAN ATM_fly
3544 - DTSTGHKNKEFVARIKSKLDQ-GGVIQDFINALDQLSNPEL - ---LFKDWSNDVRAELAKTPV NKKNIEKMYERMYAALGDPKAP-- --GLGAFRRKF IQTFGKEFDKHFGKGGSKLLR DNAPK_human
2534 - -DSATGHQQQEFVNRLRSLLDQ-GGAGKNFVDALQQLTNPEM- - --TFRDWWE CVKNELDKASF DRKQMGDMYDEMYSSLGDCNTG- - - - - - -GHGMFRKKF IKKFAKDVEKL LGTKGNKLFE DNAPK_fish
3430 - PDNVSSPFANRLMQLLDI--PKLDRFVSELSQVVIPSM----KISKIITDLRMARCDS NEEYRKLVHDLANEAFPEIS-- ----PDLGREHQKLIPLKPEWLKLLDFDFN DNAPK_mosq.
3015 - -DPGPIRATAPMWRCSRIMHMQRELH-PTLLSSLEGIVDQMVWFRE NWHEEVLRQLQQGLAKCYSVAFEKSGA-VSDAKITPHTLNFVKKLVSTFGVGLE-NVSNVSTMFSSAASESLARRA- QATAQDPVF QKLKGQFTTDFDFSVPGSM-- TRRAP_human

3251- -DPGPIRATAPMNRCSRIMHMQRELH-PTLLSSLEGIVDQMVWFRE-
3221 -SHGNIPSINPIKATPPMWRCSKVMQLQREVH-PTILSSLEGIVDQMVWFRE

NWHEEVLRQLQQGLAKCYSVAFEKSGA-VSDAKITPHTLNFVKKLVSTFGVGLE-NVSNVSTMFSSAASESLARRA-
SWTEEVLRQLRQGLIKCYATAFEKRDT-VQHSTITPHTLHFVKKLGSTFGIGIE-NVPGSVTSSISNSAASESLARRA-

QATAQDPVF QKMKGQFTTDFDFSVPGSM-~ TRRAP_fish
QUTFQDPVFQKMKEQFTNDFDF SKPGAM- - TRRAP_fly

fod kBO ko2 ko2b kB kB2 kB3 kPB4, kB5 ko3 ka3b
ZJI.GO 2]I.10 Z%ZO 2}30 2]..40 2%50 2}60 2}70 2}80 2}90 2%00 2%10 2%20 22I30
2092 G--NVKDLTQAWDLYYHVFRRISKQLPQL--TSLELQYVSPKLLMCRD--LELAVPGTYDPNQP------------------ TIRIQSIAPSLQVITSKQ-RPRKLTLMGSNGHEFVFLLKGH---EDLRQDERVMQLFGLVNTLLANDPTSLRK-NLSIQRYAVIPLST mTOR_human

G--NVKDLTQANDLYYHVFRRISKQLPQL--TSLELQYVSPKLLMCRD--LELAVPGTYDPNQS--
A--VVMDLDRAWDIYYHVFQKISRQLPQL--TSLELPYVSPKLMTCKD--LELAVPGSYNPGQE
---NPAKPGSSWIPFKEIMLSLQQRAQKRASYILRLEEISPWLAAMTN--TETALPGEVSARD-
---NPANPASSWVPFKQIMLSLQQRAQKRASYLLRLDEISPRLTAMAN--TEMALPGEVSATD- -~
-YPEAWDKLKQLYHILQSNMIRGSGSTLKMQSISPVLCGIGR--MRISMPGLDAHGPDG-

-IIRIQSIAPSLQVITSKQ-RPRKLTIMGSNGHEFMFLLKGH- - -EDLRQDERVMQLFGLVNTLLANDPASLRK-NLSIQRYAVIPLST mTOR_fish
-LIRISIIKTNLQVITSKQ-RPRKLCIRGSNGKDYMYLLKGH---EDLRQDERVMQLFSLVNTLLLDDPDTFRR-NLAIQRYAVIPLST mTOR_fly
~TVTIHSVGGTITILPTKT-KPKKLLFL GSDGKSYPYLFKGL ---EDLHL DERIMQFLSIVNTMFATINRQETP-RFHARHYSVTPLGT Smgl_human
--AVTIQSVGNTITILPTKT-KPKKLYFLGSDGRNYPYLFKGL ---EDLHL DERIMQFLSTIVNTMFTKVNQQESP-RFQARHYSVTPLGT Smgl_fish
DQVYIESVESSVCVLPTKT-KPKKVAFY GSNGQRYTFLFKGM- - -EDLHL DERIMQF LSISNAIMACRSDAPGNGCYRAHHYSVIPLGP Smgl_fly
-DGSSSTLSMSTHFKMLKKLVEEATFSEILIP-LQSV--MIPTLPSILGTHANHASHEPFPGH- -WAYTAGFDDMVEILASLQ-KPKKISLKGSDGKFYIMMCKPK---DDLRKDCRLME FNSLINKCLRKDAESRRR-ELHIRTYAVIPLND ATR_human
-DGNSSTLSMSVHFKMLKKLVEEPTFSQILIP-LQSV--LIPTLPSTGGANPKHDAFPGH-- -WVYLSGFDDTVEILASLQ-KPKKISLKGSDGKFYTMMCKPK---DDLRKDCRLME FNCLINKSLRKDAESRRR-DLRIRTYAVIPLNE ATR_fish
~TLD-RTYKLSDLDTRLSKLCKQPEFSQILLP-FEKY--MQPTLPLNSDSNSSEGSHLPANQSTVNWFPYQQI YISGFQESVLILRSAA-KPKKLTIRCSDGKDYDVLVK PK---DDLRRDARLME FNGLVKRYL HQDAPARQR-RLHIRTYAVLPFNE ATR_fly
--LDATQWKTQRKGINIPADQPITKLKN-LEDVVVPTMEIKVDHTGEYGN--~ ~LVTIQSFKAEFRLAGGVN-LPKIIDCVGSDGKERRQLVKGR -~ -DDLRQDAVMQQVFQMCNTLLQRNTETRKR-KLTICTYKVVPLSQ ATM_human
--MDANQWKSQRNATPIPSDQPITKLNK-LHDVVIPTMEIKVDPSGKYEN--~ -LVTIVSFKPEFRLAGGLN-LPKIIDCVGSDGKERRQLVKGQ---DDLRQDAVMQQVFQMCNTLLRRNSETRKR-KLTIRRYKVVPLSQ ATM_frog
fffffffffffffffffffff EGKTNDNRPVSDSVRNKQFDKVRRWRN-LNAVHCPTLELPVMPSKEYS --IISVVKWTNETTQCGGLN-APVKIMCVCSDGKIRAQLVKGK---DDLRQDAVMQQVFGIVNELLNQDSEFIER-KLKLRTYKVTPLSM ATM_f1ly
M--KLSDFNDITNMLLLKMNKDSKPPG----NLKECSPWMSDFKVEFL -RNELEIPGQYDGRGKPLP- EYHVRIAGFDERVTVMASLR-RPKRIIIRGHDEREHPFLVKGG---EDLRQDQRVE QLFQVMNGILAQDSACSQR-ALQLRTYSVVPMTS DNAPK_human
K-RKDKSFLRKVEELVGSMRGFQKEPG----NLKEYSPWLSGFKADTF-SNELEIPGQYDGRSKPLP- --EYHAKITGFDERVKVMS STR-RPKRLI IRGDDERDHPFLVKGG- - -EDLRQDQRIE QL FAVMNILLSHDAACTHR-GLQLRTYQVIPIST DNAPK_fish
Q-TEETHQHLNNLKEKVTRLVPRQTTL----ELNKYSPWLAGYHFSER-EEMLELPGQYNIDHKPNV- --CNHVKIVKVCTELELFKTLR-NPTRIRINGSDGKSYDFLVKYG- --EDLRQDQRIQQLL GTISNQLALDRHCKEH-QLSVRTYEVIPIRV DNAPK_mosq.
KLHNLISKLKKWIKILEAKTKQLPKFF- LIEEKCRFLSNFSAQT--AEVEIPGEFLMPKPT- HYYIKIARFMPRVEIVQKHNTAARRLY IRGHNGKTYPYLVMNDACLTESRREERVLQLLRLLNPCLEKRKETTKR-HLFFTVPRVVAVSP TRRAP_human
KLHNLISKLKKWIKILEAKTKQLPKFF LIEEKCRFLSNFSAQT--AEVEIPGEFLMPKPT- HYYIKIARFMPRVEIVQKHNTAARRLY IRGHNGKIYPYLVMNDACLTESRREERVLQLLRLLNPCLEKRKETTKR-HLFFTVPRVVAVSP TRRAP_fish
KLHNLISKLKTWIKVLETKVKKLPTSF-----LTEDKCRFLSNFSQKT--AEVELPGELLIPLSS- --HYYVRIARFMPRVEIVQKNNTAARRLY IRGTNGKIYPYLVVLDSGL GDARREERVLQLKRMLNYYLEKQKETSRR-FLNITVPRVVPISP TRRAP_fly

LBE catalytic loop  activation
kB7 kB3 ko4 ko4b kodc ka5 ko6
I : 1 H =
Z¥40 2%50 2%60 2%70 Z%SO 2%90 2?00 2?:10 23}20 2?3@ " ,lr * 2?50 % 2?60

2233 NSGLIGWVPHCDTLHALIRDYREKKK- ILLNIEHRIMLRMAPD: YDHL - TLMQKVEVFEHAVNNTA-GDDLAKLLWLKSPSSEVWFDRR TNYTRSLAVMSMVGY ILGLGDRHPSNLMLDRLSGKILHIDFGDCFE mTOR_human
NSGLIGWVPHCDTLHALIRDYREKKK- TILLNIEHRIMLRMAPD YDHL - TLMEKVEVFEHAVNNTA-GDDLAKLLWLKSPSSEVWFDRR TNYTRSLAVMSMVGYILGLGDRHPSNLMLDRLSGKILHIDFGDCFE mTOR_fish
NSGLIGWVPHCDTLHTLIRDYRDKKK- VPLNQEHRTMLNFAPD YDHL-TLMQKVEVFEHALGQTQ-GDDLAKLLWLKSPSSELWFERRNNYTRSLAVMSMVGYILGLGDRHPSNLMLDRMSGKILHIDFGDCFE mTOR_fly
RSGLIQWVDGATPL FGL YKRWQQREA- --ALQAQKAQDSYQTPQNPGIVPRPSELYYSKIGPALKTVGLSLDVSRRDW-PLHVMKAVLEELMEATP-PNLLAKE LWSSCTTPDEWWRVTQSYARSTAVMSMVGYIIGLGDRHLDNVLIDMTTGEVVHIDYNVCFE Smgl_human
RSGLIQWVDGATPL FGL YKRWQQREA---- -~~~ VVQAQKAQDSFQQPQNLPMVPRPSELVYSKISPALKAVGLSLDVSRRDW PLSVMRDVLRELMEATP-PNLLAKELWCSCTTPSEWWSVTQTYARSTAVMSMVGYITGLGDRHLDNVLIDMTTGEVVHIDYNVCFE Smgl_fish
QSGLISWVDGVTPV FAL YKKWQQRR! FTDLFYNKLSPLLAKHNMQVSDPRRQW-PISVLLQVLDELSQETP-NDLLARE LWCQAGNAAEWRQSVRRFVRCMSVMSMIGYVIGLGDRHLDNVLINLGSGDIVHIDYNVCFE Smgl_fly
ECGITEWVNNTAGLRPILTKLYKEKGV---------- YMTGKELRQCMLP KSA-ALSEKLKVFREFLLPRH-PPIFHEWFLRTFPDPTSWYSSRSAYCRSTAVMSMVGYILGLGDRHGENILFDSLTGECVHVDFNCLFN ATR_human
ECGITEWVNKTAGLRHILTKLYKEKGI- --YVSGTELKKLILP KTA-PFQEKLKLHKDVLCARH-PPVFHEWFLRTFPDPTSWYNSR SAYCRSTAVMSMVGYTILGLGDRHGENILFDSFTGECVHVDFNCLFN ATR_fish
ECGLVEWLPNLASYRSICMNLYAQRR- -LVMSTRQLQSLAVP LHE-SIERKREVFTKQLVPAH-PPVFQEWLRQRFATPHSWYEARNTYIRTVAVMSMVGYILGLGDRHGENILFAEGNGDAVHVDFNCLFN ATR_fly
RSGVLEWCTGTVPIGEFLVNNEDGAHKR ~YRPNDF SAFQCQKKMME -~ = = = = = === === oo oo VQKK-SFEEKYEVFMDVCQNFQ--PVFRYFCMEKFLDPATWFEKR LAYTRSVATS STVGYILGLGDRHVQNILINEQSAELVHIDLGVAFE ATM_human
RSGVLEWCTGTVPIGEYLVNDKEGAHKR- -YRPGDYGSLQCQRKMME VQRG-RFEEKYQMFLNVCENFR--PVFRYFCMEKFLDPAMWFEKR LAYTRSVATS STVGYIVGLGDRHVQNILIDEESAELVHIDLGVAFE ATM_frog
RSGILEWCTNSVPVGHYLVVEGKGGAHA- - - - -RYRPNDWNNNKCRKLSSD HLKS-PKETRYAIYKKICENIK--PVFHYFLLEKFPIPGVWFERRLAYTNSVATT SMVGYVLGLGDRHTQNILVDQQTAEVIHIDFGIAFE ATM_fly

-VGAYMLMYKGA-NRTETVTSFRKRESKVP-ADLLKRAFVRMSTSPEAFLALR SHFASSHALTCISHWILGIGDRHLNNFMVAMETGGVI GIDFGHAFG DNAPK_human
-VQLYGPT YKKA-KRAETVKNFLKVLQHVP-RDLLKRAFLKMCNSPEAFLSLRSHFISSHALLCVSHWILGIGDRHLSNFMINMETGGMV GIDFGHAFG DNAPK_fish

-PLSKLYGKVAAAC-TPERITLKFNELRYKIK-EDTFKRALFEMAVSAESFYSLRGNFAKSLMAMNVSCWILGIGDRHTSNVLIDRSNGKLAGVDFGIAFG DNAPK_mosq.
--GTQAS-HQVLRDILKEVQSNMVP-RSMLKEWALHTFPNATDYWTFRKMFTIQLALIGFAEFVLHLNRLNPEMLQIAQDTGKLNVAY FRFDIN TRRAP_human

RLGLIEWLENTVTLKDLLLNTMSQEEKAAYLSDPRAPPCEYKDWLTKMSGKHD- -~
RIGLIEWMENTCTLKEFLYNTLTEEEQQRA----AGSVKVYEKWLSSFAPNSNVSG
DFGITGWLSNTSSIKNIAVRSMVRFNTDGDVT--GAINAEYIQFLHEASGMTRSPST-
QMRLVEDNPSSLSLVET YKQRCAKKG- -IEHDNPISRYYDRLATVQAR-

QMRLVEDNPSSLSLVEI YKQRCAKKG- ---IEHDNPISRYYDRLATVQAR- --GTQAS-HQVLRDIL KEVQGNMVP-RSMLKEWALHTFPNATDYWTFRKMFTIQLALIGLAEFMLHLNRLNPEMLQIAQDTGKLNVSY FRFDIN TRRAP_fish
QMRLAEDNPNSISL LKI FKKCCQSMQ-------' VDYDMPIVKYYDRLSEVQAR----=-===-mmmmmmmmm o e oo GTPTT-HTLLREIFSE IQWTMVP-KTLLKHWALKTFLAATDFWHFRKMLTLQLALAFL CEHALNLTRLNADMMYLHQDSGLMNISYFKFDVN TRRAP_fly
loop negative regulatory domain
ko-AL ko7 ko8 ko9 ko9b
H ________________________________________________
23I70 2%80 23I90 24I00 24I10 24I20 24|30 24I40 24|50 24|60 24|60
2364 VAMTREKFPEKIPFRLTRMLTNAMEVTGLDGNYRITCHT VMEVLREHKDSVMAVLEAFVYDPLLNWRLMDTNTKGNKRSRTRTDSYSAGQSVEILDGVELGEPAHKKTGTTV mTOR_human
VAMTREKFPEKIPFRLTRMLTNAMEVTGLDGNYRITCHT VMEVLREHRDSVMAVLEAFVYDPLLNWRLMDTNTKGNKRSRTRTDSYTAGQSVEAMEGIDLGETTHKKPGTTV- mTOR_fish
VAMTREKFPEKIPFRLTRMLIKAMEVTGIEGTYRRTCESVMLVLRRNKDSLMAVLEAFVYDPLLNWRLLDVDKKGNDAVAGAGAPGGRGGSGMQDSLSNSVEDSLPMAKSKP- mTOR_fly
KGKS -LRVPEKVPFRMTQNIETALGVTGVEGVFRLSCEQVLHIMRRGRETLLTLLEAFVYDPLVDWTAGGEAGFAGAVYGGG--GQQAE SKQSKREMEREITRSLFSSRVAEIKVNWFKNRDEMLVVLP-- ( 1108 a.a. insertion ) -------------- Smgl_human
KGKS-LRVPEKVPFRMTHNIETALGVTGVEGIFRLSCEQVVQIMRRGRETLLTLLEAFVYDPLVDWTAGGEVGFAGAVYGGGGQQAENKQSKREMERDITRSLFSSRVAEIKVNWFKNRDEMTGVLP---- ( 1111 a.a. insertion ) - Smgl_fish
KGRT -LRIPEKVPFRLTQNLVQAMGITGIEGPFRLGCEYVLKVMRKERETLLTLLEAFVYDPLVDWTTNDDAQALRRSLNAKLQESADGGGAGGLGVGDLKYHKKDKNKGKPLDSDVKRQPFLSKLGMLQ- ( 894 a.a. insertion ) - Smgl_fly
KGET - FEVPEIVPFRLTHNMVNGMGPMGTEGL FRRACEV TMRLMRDQREPLMSVLKTFLHDPLVEWSKPVKGHSKAPLNET( ATR_human
KGET -FDVPEVVPFRLTQNMVHAMGPMGTEGL FRQACEV ILRLMRDQREPLMSVLKTFLHDPLVEWSKPVKGF SKTQVNESG: ATR_fish
QGEL-LPYPEVVPFRLTHNMIVAMGPLGVEGS FRKCCEI TLRLLKQESKTLMSILRPFVYDVGAQTRK ATR_fly
QGKI-LPTPETVPFRLTRDIVDGMGITGVEGVFRRCCEKTMEVMRNSQETLLTIVEVLLYDPLFDWTMNPLKALYLQQRPEDETELHPTLNADDQ- === == === = = = = = = = = o e e oo ATM_human
QGKI-LPTPETVPFRLTRDIVDGMGITGVEGVFRRCCEKTMEVMRNNQEALLTIVEVLLYDPLFDWTMNPLKALYLQQDEVD--LNATLGGDDP ATM_frog
QGKI-QTTPETVPFRLTRDFVAPMGICGTKGVFAKSCEATMHILRRYKSVFTTILEVLLYDPLFIWGVLKKKQSPQQ ATM_fly
SATQFLPVPELMPFRLTRQFINLMLPMKETGLMYSIMVHALRAFRSDPGLLTNTMDVFVKEPSFDWKNFEQKMLKKGGSWIQE INVAEKNWYPRQKICYAKRKLAGA DNAPK_human
SATQFLAVPELMPFRLTQQFVNLMQPLKESGLIQSVMVHSLRAYRAEPDLLLNTMDVFVKEPSLDWKNFELKQLKKGGTWTEDVNTKEINWYPLQKVNFARRKLEGA DNAPK_fish
AGTRDQGIPEMVPFRLTPQFVNVMEPMRTSGMMSKCMVYTLRCLRDSRKLLRSCLQVFVREPTVDWLEAAQRR-----~ FVQEENKPELRWDPQARINMAVRKLNGA DNAPK_mosq.
DATGDLDANRPVPFRLTPNISEFLTTIGVSGPLTASMIAVARCFAQPNFKVDGILKTVLRDEITAWHKKTQEDTSSPLSAAGQ: TRRAP_human
DATGDLDANRPVPFRLTPNISEFLTTIGVSGPLTASMIAVARCFAQPNFKVDGILKAVLRDEITAWHKKTQEDTSMPLSPAG--Q: TRRAP_fish
DDKCQLNQHRPVPFRLTPNVGEFITHFGITGPLSAATVATARCFIQPNYKLSSILQTILRDETTALQKKGFRECKLIEGSEDR-~ - - TRRAP_fly
FATC
ko 10 kall kol2a12b 12c
24|80 Z4|90 25@0 ZSIIB ZSIZG 25I30 ZSIAO
2476 PESTHSFIGDGLVKPEAL -NKKAIQIINRVRDKL - TGRDFSH- - -D-DTLDVPTQVELLIKQAT SHENLCQCYIGWCPFW 2549 mTOR_human
PESIHSFIGDGLVQPEAL-NKKATQIINRVRDKL -TGRDFSH -D-ETLDVPTQVELLIKQAT SHENLCQCYIGWCPFW 2515 mTOR_fish
YDPTLQQGGLHNNVADET-NSKASQVIKRVKCKL -TGTDFQT-- ~E-KSVNEQSQVELLIQQATNNENLCQCYIGWCPFW 2470 mTOR_fly
-VRDPKTGKAVQER-NSYAVSVWKRVKAKL -EGRDVDP- - ~N-RRMSVAEQVDYVIKEATNLDNL AQLYEGWTAWV 3657 Smg1_human
-VRDPKTGRAVQER-NSYAVSVWKRVKAKL -EGRDVDP- -N-RRMSVTEQVDYVIKEATNVDNLAQLYEGWTAWV 3823 Smgl_fish
-HAKGSGNVHEQKR-NAY GVSVWKKIRMKL - EGRDPDS! -N-QRSTVAEQVDYVIREACNPENLAVLYE GWTPWV 3803 Smgl_fly
- EVVNEKA-KTHVLDIEQRLQGVI-KTRNRVT: -G-LPLSIEGHVHYLIQEATDENLLCQMYLGWTPYM 2644 ATR_human
- EILNEKA-KTHVLDIEQRLQGVI-KNRNKVM -G-LPLSIEGHVHYLIQEATDDNLLCMMYLGWGPYL 2643 ATR_fish
- -GAATAKI-TKDVQRIADRLQGHV -KRQQAN- -S-IPLSTEGQUNFLINEATKVDNLASMYIGWGAFL 2517 ATR_fly
- -ECKRNLSDIDQSF-NKVAERVLMRLQEKL -KGVEE -~ -G-TVLSVGGQWNLLIQQAT DPKNL SRLFPGWKAWV 3056 ATM_human
- ECNRNSCDSQSV-NKVAERVLLRLQEKL -KGVEE-- -G-MVLSVGGQUNHLIQQAMDPKNLSSL FPGWKAWV 3061 ATM_frog
SGEESV-NLVAQRAL LLVQNKL -DGREAGT: -M-GDSNVEAQVERLINEAT LPSNLCMLFPGWDPHL 2767 ATM_fly
NPAVITCDELLLGHEKAP-AFRDYVAVARGSKDH-NIRAQEP-- -E-SGLSEETQVKCLMDQATDPNILGRTWEGWEPWM 4128 DNAPK_human
NPAAITSEELKLGFEKDD-AFPGMQAVALGTEEH-NIRARLP -A-AGLSVEKQVDCLLDQAMDPNVL GRVWAGWEPWV 4118 DNAPK_fish
NPKVLIAEELRLGQVGCN-REILEGYLKLLQVSD-PLLE -S-GNLTVEQQVQCLLKTAT SGAVLGITYAGWFPWF 3998 DNAPK_mosq.
- -QFEGGESKVNTLVAAAN SLDNLCRMDPAWHPWL 3587 TRRAP_human
- QFEGGESKVNTLVAAAN SLDNLCRMDPAWHPWL 3823 TRRAP_fish
- -YSDGNCMEHSVNI-VNSAVDIIMTRFNKI-SY -FDSIENKKISVLVQSATNIDNLCRMDPAWHPWL 3803 TRRAP_fly
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Supplementary Figure 3. Comparison of the mTOR kinase domain to other PIKKs.

a, PIKK sequence alignment of the KD region based on the mTOR structure. The FRB-like insertions
in SMG1, DNAPKcs and TRRAP are predicted to be alpha helical by the JPRED server
(http://www.compbio.dundee.ac.uk/www-jpred/). ATM and ATR appear to lack an insertion
comparable to the FRB. The LBE-like insertions in all six PIKKs are predicted to have two helices,
except for the longer insertion in SMG1. Secondary structure restraints from the mTOR structure were
included in the alignment with the program Indonesia (http://xray.bmc.uu.se/dennis/). Annotations as
in Supplementary Figure 2a. Residues with over 50 % sequence similarity are indicated in yellow.

b, An FRB-like domain is present in DNAPKcs. Top panel shows a stereo view of two-fold ncs
averaged Fo-Fc electron density for the FRB region using the 6.6 A native data of DNAPKcs ' and
phases from our rebuilding of the deposited model (PDB 3KGV). The deposited model, which lacks
helices in the FRB region, is shown in green. Middle panel shows the superimposed mTOR structure,
indicating that the FRB-like domain of DNAPKGcs is tilted towards the C lobe. Bottom panel shows a
manual fitting of the mTOR FRB (red) by optimizing the fit of helices foland fa2 in the electron
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density. Helices fo.3 and fa4 appear to have different orientations compared to those of mTOR, which
is expected given the sequence divergence between the two PIKKs. Figures were prepared with Pymol
(The PyMOL Molecular Graphics System, Schrodinger, LLC).

We rebuilt the DNAPKcs model by first replacing the PI3K-based kinase domain in the
deposited model with that of mTOR using molecular replacement and omitting the FRB, LBE and
ka9b to avoid model bias. Inspection of the resulting electron density maps revealed electron density
consistent with the presence of all three omitted segments. In addition, the maps indicated that
DNAPKcs should have essentially all 28 helices of the mTOR FAT domain, even though the deposited
model contained only 17 helices in this region. The mTOR FAT domain was subsequently fitted into
electron density that was calculated without any of the FAT helices, first as four rigid bodies
corresponding to the TRD1, TRD2, TRD3 and HRD domains, then by adjustment of individual helical
repeats (see Supplementary Fig. 13 for DNAPKcs FAT domain electron density and discussion). The
resulting model was used to phase the Fo-Fc electron density shown.
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Supplementary Figure 4. The mTOR catalytic residues and reaction mechanism closely related
to canonical protein kinases.

a, Setero view of the spine of interactions (side chains within ~4 A distance) extending from the LBE
(magenta) to the FATC (blue), activation loop (A.L. orange) and ka9b (purple) elements in the ATPyS
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crystals. The catalytic loop (C.L.) is in cyan, and the remaining elements are colored as in Fig. la
(light blue for FAT, yellow for N lobe, light pink for C lobe, and green for ATPyS). Purple dotted line
indicates disordered loop between ka9b and kat10.

b, Stereo view of the Fo-Fc electron density of the ATPyS crystals, calculated at 3.3 A and contoured
at 2.5 o, is shown in blue mesh. Superimposed as red mesh is the anomalous fourier map of apo-
crystals soaked in AMPPNP and manganese (Supplementary Table 1), after the map was skewed to the
unit cell of the ATPyS crystals.

¢, Structure-based sequence alignment of the catalytic and activation loop portions of mTOR and
CDK2 that are superimposed in Figure 2¢, with uppercase CDK2 residues having their Ca atoms
within 1.8 A of the corresponding ones in mTOR (lowercase residues are displaced by 2.8 to 4.6 A).
The catalytic residues discussed in the main text are labeled and in red. We note that the mechanism
proposed for PI3K postulated that a histidine (mTOR His2340) acts as the catalytic base, and an
arginine (MTOR Arg2339) serves to neutralize the charge of the TS state. However, in mTOR the
Arg2339 guanidinium group is ~7 A away from y-phosphate TS mimic, compared to less than ~3 A for
His2340, which we propose for this role. Furthermore, given that the relative arrangement of the
Asp2338 catalytic base and the y-phosphate TS mimic in CDK2 is nearly identical in mTOR, it is
rather unlikely that this function will be carried out by a different residue in PIKKs or PI3Ks.

d, 4EBP1 phosphorylation by wild type, D2338A and H2340A FLAG-mTORAN-mLSTS, each at 100
nM concentration. Top panel is an immunoblot using an antibody specific for 4EBP1 phosphorylated
at Thr37 and Thr46 and exposed for 15 seconds. Middle panel is the same immunoblot exposed for
180 seconds. Unphosphorylated 4EBP1 (no mTOR added) was run as a background control for the
nonspecific signal from the antibody at long exposure times and at 100 uM concentration of 4EBP1.
From quantitation of multiple exposures we estimate the mutations reduce 4EBP1 phosphorylation by
a factor of ~3000 to ~9500. The bottom panel is an immunoblot with an anti-FLAG antibody.

Supplementary Methods. The mutant and wild type (for direct comparison) complexes were produced
by transiently transfecting 293-F cells with modified pcDNA 3.1 (+) vectors encoding FLAG-tagged
wild type, D2338A or H2340A mTORAN and untagged mLSTS8. After two days, the cells were
harvested and the proteins were purified using anti-FLAG M2 agarose beads as described in Methods.
After extensive washing of the beads, proteins were eluted with 0.1 mg ml” FLAG peptide in 20 mM
Tris-HCI, pH 8.0, 400 mM NaCl, 2 mM DTT, 10% glycerol, and concentrated. Protein concentrations
were determined by Ajgy and confirmed by immnoblotting with anti-FLAG antibody.
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22 VLGDGVQLPPGDYSTTPGGTLFSTTPGGTRI 4EBP1-T37
31 PGDYSTTPGGTLFSTTPGGTRIIYDRKFLME 4EBP1-T46
50 TRIIYDRKFLMECRNSPVTKTPPRDLPTIPG 4EBP1-S65
55 DRKFLMECRNSPVTKTPPRDLPTIPGVTSPS 4EBP1-T70
374 DSTLSESANQVFLGFTYVAPSVLESVKEKFS S6K1
722 ATPLSPAMQAKFAGFTFVDESAIDEHVNNNR sch9_yeast
642 QLVIANIDQSDFEGFSYVNPQFVHPILQSAV PKCa
458 MECVDSERRPHFPQFSYSASSTA AKT1
407 VTASVKEAAEAFLGFSYAPPTDSFL SGK1
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Supplementary Figure 5. Putative substrate-binding grooves on the C lobe portion of the mTOR
catalytic cleft.

a, Stick representation of Figure 2d, showing the residues that line the putative substrate-binding
groove on the C lobe portion of the catalytic cleft, colored by conservation as in Figure 2d (+1 position
is labeled). In the (+) direction, the groove is lined by Phe2371, Tyr2542 and Trp2545, consistent with
a positional scanning peptide array” showing preference for hydrophobic and aromatic residues at +1.
In the (-) direction, there are multiple local pockets that extend farther away from the catalytic center.
In addition to hydrophobic residues, there are several polar residues that are uninvolved in stabilizing
the structure but are invariant in either all 22 orthologs (His2247) or in all but one (Asn2262 and
His2265). These pockets could underlie the low-level of sequence preference at the -4 and -5 positions
suggested by the positional scanning peptide array”.

b, Sequence alignments of the major phosphorylation sites (red asterisk) in the 4EBP1 and AGC
kinase substrates of mMTOR. Known mTOR substrates appear to lack a strong consensus motif at their
phosphorylation sites. The four main phosphorylation sites of 4EBP1 have essentially no sequence
homology flanking the Ser/Thr-Pro sites. While the ~7 residue HM motifs of the S6K1, AKT, PKCa
and SGK1 AGC family kinases are conserved, they bear no relationship to the 4EBP1 sites. In
addition, HM motif conservation is due, at least in part, to its role in mediating the activation of the
kinase through phosphorylation-induced intra-molecular interactions’.
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Supplementary Figure 6. Comparison of the kinase activity of mTORAN-mLSTS, full-length
mTOR-mLSTS8, mTOR-mLST8-RAPTOR, and mTQRANA2443-2486_m] ST§ complexes.

a, Phosphorylation (**P autoradiogram) of the indicated concentrations of full-length S6K 1M with a
mutated TOS motif (FDID to AAAA; S6K1/T9%) by mTORANA2443-2486_m[ ST (red circles)
mTORAN-mLSTS8 (blue squares), mMTOR-mLSTS (purple diamonds) and mTOR-mLST8-RAPTOR
(green triangles), each at 100 nM concentration. Reactions were performed as described in methods.
We do not understand the consistently lower kinase activity of mTORANA2443-2486_m] STS,

b, Phosphorylation (**P autoradiogram) of the indicated concentrations of full-length 4EBP1 with a
mutated TOS motif (FEMDI to AAAAA; 4EBP17°%) by mTORANA2443-2486_m[ ST (red circles)
mTORAN-mLST8 (blue squares), mTOR-mLSTS (purple diamonds) and mTOR-mLST8-RAPTOR
(green triangles), each at 100 nM concentration. Reactions were performed as described in methods.

Supplementary discussion of inhibition by rapamycin. In mTORC?2, which is not inhibited by
nanomolar rapamycin, there may not be enough space for rapamycin-FKBP12 to access the binding
site on the FRB due to the proximity of other mMTORC2 components. Consistent with the model that it
is the FKBP12 component of rapamycin-FKBP12 that precludes binding to mTORC2, rapamycin can
inhibit mMTORC2 at micromolar concentrations, when it can bind to the FRB in the absence of FKBP12
4. Also consistent with this model is the reduction in mTORC? levels upon prolonged incubation with
nanomolar rapamycin’, presumably because the de novo assembly of RICTOR with mTOR, which will
now be bound to FKBP12-rapamycin, is blocked.

Prolonged rapamycin exposure can also destabilize the association of mTOR with RAPTOR®’,
as well as a dimeric arrangement of mMTORC1?, although neither of these effects are observed with
yeast TORC1>'°. It is conceivable that RAPTOR is close enough to the active site that there is barely
enough space for FKBP12-rapamycin to fit in. Any residual steric hindrance may destabilize mTOR-
RAPTOR during the binding equilibrium of the complex.
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Supplementary Figure 7. The rapamycin-binding site maps to the FRB surface closest to the active
site, in the midst of a hotspot of highly conserved residues.

a, Sequence conservation of the FRB in 22 mTOR orthologs and homologs (Tor2 in yeast), with 22/22
identity highlighted in red, and 19/22 in yellow. Residues that make up the conservation hotpsot in

and around the rapamycin binding site are marked by asterisks, and are shown in (b).

b, Left panel is a stick representation of figure 4a, showing the conserved residues in and around the
rapamycin binding site. Right panel is the isolated FRB (light blue) bound to rapamycin (green) from
the FRB-rapamycin-FKBP12 structure''.
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Supplementary Figure 8. Mapping of the S6K1 tail sequences required for the FRB-mediated
recruitment to mTOR active site.

a, Inhibition, by the indicated concentrations of free rapamycin, of mTORAN-mLST8 (100 nM)
phosphorylation of full-length S6K1* (blue squares) and a GST-tagged S6K 1 polypeptide of residues
351-415 from the C-terminal tail (GST-S6K1%°'**!*, red diamonds), each present at 2 uM concentration
in the same reaction. Reactions were performed as in Methods. The S6K1 C-terminal tail, which
starts with residue 351 immediately after the kinase domain structure'? and ends at residue 502, is
likely unstructured based on secondary-structure prediction programs (not shown). The reduced **P
incorporation by GST-S6K17'*!* compared to full length S6K 1 is due, at least in part, to the presence
of multiple in vitro phosphorylation sites after residue 416. Most of these sites are of unknown
significance'>'*.

b, Phosphorylation of the indicated GST-S6K1 tail polypeptides (2 uM) by mTORAN-mLST8 (100
nM) and inhibition by free rapamycin (20 uM; lanes marked with +). Top panel is the **P
autoradiogram, middle panel immunoblots using an S6K1 phosphoThr389-specific antibody, and
bottom is **P quantitation. Reactions were performed as in Methods. C-terminal truncation of residues
403-410 reduces **P incorporation ~3-fold, while a further truncation of 399-402 results in an
additional ~5-fold reduction, although phosphorylation remains rapamycin-sensitive. While N-terminal
truncations of residues 367-381 reduce phosphorylation, this is caused by GST interference,
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presumably due to its proximity to the HM motif when fused to residue 382, because the reduction is
not observed after cleavage of the GST tag (not shown).

An alternative explanation for inhibition by free rapamycin and the dominant negative effect of
the isolated FRB is that the FRB site mediates dimerization that may be important for substrate
phosphorylation. Mammalian but not yeast TORC1 can form dimers, although this is dependent on
RAPTOR, which is absent in our assays. Nevertheless, we found no evidence of mTORAN-mLST8
dimerization or FRB binding to mTORAN-mLSTS. A hypothetical dimer whose inhibition by
rapamycin or the isolated FRB would explain reduced S6K1 phosphorylation should be readily
detectable, as it would have to form at mTORAN-mLST8 concentrations as low as 20 nM used in the
kinase assays of Figures 4b, ¢ and d.
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Supplementary Figure 9. The FAT domain forms a C-shaped a solenoid and clamps onto the
kinase domain.

a, Overall view of the mTORAN-mLST8-ATPyS-Mg complex looking down the vertical axis of Figure
1, highlighting the C-shaped FAT domain clamping onto the KD. Colored as in Figure 1.

b, Overall view of mTORAN with the FAT domain colored according to its three TPR domains and one
HEAT repeat domain. TRD1 (light green) has 1.5 repeats, TRD2 (light cyan) has 4.5 repeats, TRD3
(light purple) has 5 repeats, and HRD (light blue) has 3 repeats. Based on the DALI server, TRD1 is
structurally most similar to TPR repeats of Rab geranylgeranyltransferase-a (1LTX, Z-score 9.1);
TRD2 to a synthetic consensus TPR protein (2HYZ; Z-score 13.5); TRD3 to the TPR-containing
protein MamA (3ASH; Z-score 12.2), and HRD to the HEAT repeats of the microtubule binding
protein XMAP215 (2QK2; Z-score 9.3) and the HEAT repeats of the PI3K p110y (2V4L; Z-score 9.1).
The non-canonical TRD1-TRD2 packing involves a lateral shift in the helical arrangement compared
to regular TPRs, and it is stabilized by the TRD1 a2 packing with the TRD2 al1-a.12 loop. The
TRD2-TRD3 packing is more divergent, being mediated by the second helix of TRD3 (a14) packing
inside the concave surface of TRD2 (a6, a8, 10 and at12). This is associated with a reversal of
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curvature between the two segments, and gives the TRD2-TRD3 portion of the a solenoid a
corkscrew-like twist. The HRD C-terminus forms a nearly continuous transition to the kinase N lobe,
with only 2 amino acids intervening between the last HRD helix and the first KD helix.

¢, Interface between TRD1 (green) and the KD C lobe (pink).

d, Interface between the HRD (light blue) and the KD C lobe (pink) and N lobe (yellow). The red
letter “M” indicates two contact residues (Ala2416 and Glu2419) which were isolated as activating
mutations of fission yeast Tor2p in the Rheb-independent growth screen'’.

e, Superposition of the three HEAT repeats of the PI3K p110a (PDB 2RDO) with the HRD (light
blue) of mTOR. The p110o HRD domain is in red and the rest of the protein in green. mTOR is
colored as in (b), except the FRB is in brown. The mTOR HRD-KD contacts are also analogous to the
pl110a HEAT repeat-KD contacts. For example, the mTOR GIn1941-GIn2200 interaction
(Supplementary Fig. 9d) is also present in p110a (GIn634-GIn&15), and these residues are conserved
in all PI3K family members. The rest of the FAT domain N-terminal to the HRD is unrelated to PI3Ks,
which typically have at most two helical repeats capping the N-terminus of their HEAT-repeat domain.
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Supplementary Figure 10. mTOR-mLSTS interface.

a, mLST8 (green) consists exclusively of seven WD40 repeats. They fold into a cononical 3 propeller
structure, except for a permutation of the N- and C-terminal strands. The seven blades are numbered 1
through 7, and the strands of each blade are labeled “a” to “d”. Whereas in canonical WD40 domains
the N-terminal strand corresponds to strand “d” of a blade (blade 7), the N-terminal strand of mLSTS8
corresponds to strand “b” (blade 1). Only residues 1-7 and 325-326 of the full-length mLSTS in the
crystals are disordered. LBE (residues 2258-2296) is in pink.

b, The mTOR-mLSTS interface involves all but one of the mLST8 WD40 repeats, and both helices
and intervening loop of the LBE, as well as a single residue from the FATC kal2. View is rotated
~90° along x from that of (a). In the absence of mLSTS, there would be only two hydrophobic
residues (Met2271 and Met2281) that would be solvent exposed on the LBE. These are unlikely to
account for the reduced solubility (not shown) and heat-shock protein association'® of mTOR
overexpressed in the absence of mLSTS.
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Supplementary Figure 11. Close-up stereo view of activating mutations in the viccinity of ka9b.
Activating mutation residues at ka9b or at the structural elements that pack with it (ka.3, ka9 and
ka10) are shown in red, and the residues in their immediate vicinity are shown in yellow (N lobe), pink
(C lobe) or cyan (FAT HRD). Pink dotted line indicates the disordered loop between ka9b and kat10.
The hyperactivating mutations were isolated in three separate screens for either bypassing the
requirement for Rheb for growth'”, suppressing the temperature-sensitive (ts) growth phenotype of an
Lst8ts mutant'’, or resistance to the ATP-competitive inhibitor caffeine. Figure 5 excludes three
mutations that map to screen-specific structural elements. They are the A2290V and L.2302Q
mutations that map to the LBE and were isolated from the Lst8ts screen (discussed in the mLSTS8
section of the main text), and the ATP-site W2239R from the caffeine screen. The LBE A2290V and
L2302Q mutations have not been assessed biochemically for increased mTOR phosphorylation
activity, and the W2239R mutant is unlikely to be a general activating mutation; it has a temperature
sensitive phenotype and the structure suggests it would have reduced affinity for both ATP and
caffeine. Of the remaining mutations, only a subset has been assessed biochemically. However, the
fact that Val2198 mutations were isolated in both the Rheb-null and Lst8ts screens is supportive of the
notion that mutations that target the ka9b-centered structural framework have a common effect in
increasing mTOR kinase activity. We also note that while one of the mutant alleles from the Lst8ts
screen (named SL1) has three mutations, we presume Val2198 is key for the hyperactive phenotype
because the other two residues are not evolutionarily conserved.
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Supplementary Figure 12. mTOR complexes with Torin2, PP242 and PI-103.
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a, The 3.5 A resolution Fo-Fc electron density of the Torin2—mTORAN-mLST$ crystals, calculated
with model phases before the inhibitor was built, is shown in stereo as a blue mesh contoured at 2.2 ©.
View approximately looking down the vertical axis of Figure 6a. The N lobe portion of the cleft is
above the plane of the figure, and it is not shown as it would obstruct the view. Green dotted line
indicates atoms that are within hydrogen-bonding distance and geometry.

b, The 3.45 A resolution Fo-Fc electron density of the PP242-mTOR*N-mLSTS crystals, calculated as
in (a), and contoured at 2.2 ©.

¢, Omit map of the two polypeptide segments from the N lobe (residues 2223-2226; orange) and C
lobe (residues 2353-2355; pink) of the PP242-mTORAN-mLSTS crystals that undergo a
conformational change. The structure of the ATPyS-bound mTOR is in gray, and PP242 in light cyan.
The 3.45 A resolution Fo-Fc map was calculated with phases after the model with the omitted
segments was subjected to simulated annealing refinement to remove model bias. Contoured at 2.0 o.
d, The 3.6 A resolution Fo-Fc electron density of the PI-103—-mTOR*N-mLSTS$ crystals, calculated as
in (a), and contoured at 2.2 ©.
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Supplementary Figure 13. DNAPKGcs contains a FAT clamp that interacts with the KD domain

as in the mTOR structure.
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a, Stereo view of two-fold ncs averaged Fo-Fc electron density for the FAT region using the 6.6 A
native data of DNAPKcs' and phases from our mTOR-based rebuilding (omitting the FAT) of the
deposited model (PDB 3KGV). The deposited model, shown in red, contains only 17 of the 28 main
mTOR FAT helices (2/3 helices in TRD1, 6/9 in TRD2, 7/10 in TRD3, and 2/6 in HRD). All but one
(020 of TRD3) of the missing helices are evident at the 2.5 o contour level shown.

b, Stereo view of the DNAPKcs FAT model constructed by fitting the mTOR TRD1, TRD2, TRD3
and HRD domains as rigid bodies into the density (colored as in Supplementary Fig. 8a). TRD1 and
HRD require minimal adjustment consistent with their interactions with the KD. TRD2 and TRD3 are
shifted and rotated substantially, consistent with their minimal sequence conservation among PIKKs.
In addition, individual repeats of TRD2 and TRD3 and the last repeat of the HRD require additional
shifts for fitting the electron density (not shown), and they also appear to differ in helix lengths
compared to mTOR.

¢, The mTORAN structure superimposed on the rigid-body domain fitted FAT model of DNAPKCcs,
underscoring the similar arrangement of TRD1 and HRD relative to the KD, but divergent
arrangements of TRD2 and TRD3.
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