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Supplementary Figure S1 The trimeric assembly of Ragulator in the asymmetric
unit of the crystal structure. The three Ragulator complexes in the asymmetric unit
are denoted A, B, and C, respectively. The Lamtorl, Lamtor2, Lamtor3, Lamtor4, and
Lamtor5 subunits of RagulatorA are colored in green, magenta, cyan, yellow, and red,
respectively. Ragulator” and RagulatorC are colored in orange and blue, respectively.

a, Top view. b, Side view.
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Supplementary Figure S2 The Ragulator complex is monomeric in solution. The
molecular weight of the Ragulator complex was measured to be 55.10 kDa by the size
exclusion chromatography — multi-angle light scattering (SEC-MALS) method. The
green, blue, and red profiles represent Ultra-Violet absorption, differential refractive

index, and light scattering measurements, respectively.



Supplementary Figure S3 Overall structure of the Lamtorl-Lamtor?2
sub-complex of the Ragulator complex. The extended C-terminus of Lamtorl
interacts with the al and a3 helices of Lamtor2. Lamtor]l and Lamtor2 are colored in

green and magenta, respectively.



Supplementary Figure S4 Overall structure of the Lamtorl-Lamtor3
sub-complex of the Ragulator complex. The al helix of Lamtor] interacts with the
al and a3 helices, as well as the B1-B2 loop of Lamtor3. Lamtorl and Lamtor3 are

colored in green and cyan, respectively.
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Supplementary Figure S5 Overall structure of the Lamtorl-Lamtor4
sub-complex of the Ragulator complex. The a2 helix of Lamtor] interacts with the
al helix, as well as the B3, B4, and B5 strands of Lamtor4. Lamtor]l and Lamtor4 are

colored in green and yellow, respectively.



Supplementary Figure S6 Overall structure of the Lamtorl-Lamtor5
sub-complex of the Ragulator complex. The a3 helix of Lamtor] interacts with the
al helix, as well as the B1, B3, B4, and B5 strands of Lamtor5. Lamtorl and Lamtor5

are colored in green and red, respectively.
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Supplementary Figure S7 Structure-based multiple sequence alignment of

Lamtor2 (also knows as p14) orthologues from various species. o helices and 3

sheets are shown as red cylinders and yellow arrows, respectively. Every ten residue

of human Lamtor2 is marked. Conserved residues are shaded in pink. Residues

mediating interactions with Lamtorl, Lamtor3 (by side-chains), and Lamtor3 (by

main-chains), are highlighted by green arrows, blue arrows, and blue arrowheads,

respectively. The places which contain loop-insertions are indicated with orange

ovals.
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=--MADDLKRFLYKKLPSVEGLHATVVSDRDGVPVIK-VANDNAPEHALRPGFLSTFALATDOGSK human

--MAEELRRFLYKKLTSVEGLHATVVSDRDGVPVIK-VANENAPEQATRPAFLSTFATATDOGSK frog
--MADNLRSYLYKQLPSVEGLHATVVTDRDGAPVIK-VANDNAPEYALRPAFLSTFALATDQGSK zebrafish
--MVEQLKRYLWSLLOMVEGLEATVITDRDGVPVIK-VKSDETPEHAMRPAFLATFAMAADQASK sea urchin
~-MSDDIKKYLDGLIQKVSGLYVIQITDRDGVPLLR-VSQEKNVDFAIMPSFIPTFTTACDQASK fruit fly
-~MVEEVKNNLQELLSKVSGLYGVVITDRDGVHLLK-VNSDKAPEHAMRPNFISTFGLAVDQGSK beetle
~-MTDDVKRFFQNMLORVSGLRCVMVTDRDGVPLVN-LEKEKLSEIVMKPAFLSTFTLAAEQSNK mosquito
~-MDEGLQAVLKKHLHLVDGLRCISVSDRDGVQIVE-VHTDHFPTGVIKPIEMGTFATASEQASK sponge
--MTAVLGNYFQGLLSNIDGGLAFFVTDRNGVPIVK-ITNSKCPESATRASFLSTFAMATDQASK hydra
MNIDEFLNHIKTNVLDVTI PDTSITLSDRDGEVLGKNIDKNSSVDNVVDSSLLSTFSSCTDQASK slime mold
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LGLSKNKSIICYYNTYQVVOFNRLPLVVSFIASSSA-NTGLIVSLEKELAPLFEELRQVVEVS  human

LGLSKNKSIICYYSTYQVVOFNOLPLVVSFIASSNA-NTGLILSLEKELGSLFRELRQAVIS frog
LGLSKNKSIICYYSTYQIVOFNRLPLVISFIASSNA-NTGLIFSLEKELVPLIEELRQVVEVA  zebrafish
LGLSANKSIICTYTSHQVVHENKQPLEVSLIASRKA-NTGLIMDLESEVEGLLPELKAATDT sea urchin
LGLGRNKTIISMY SNYQVVOMNKLPLILTFVGAENC-NTGHILALEHOVDGYLEDIKQAVTEA  fruit fly
LGLGKTNTLICVY SQYQVIOMNKLPLIVTFIASDTC-NTGHILATEKQIDPIVSNLALAVAES beetle
LGLGKNRNI I SVYADCIVIQMNKLPFVVTFIGTENCLNIGLILAMDOOIDTMLEELKTAVADS mosquito
LGVGKNTSIISYYSGYQVIQFNYLPFVLTFIADSKS-NTGMLYSLEEDLRDPIGHLQAAVSVP  sponge
LGLSKNKRMICMY SSYQVVMENYLPIVVTVIADSSA-NTGMILEMETEFSDVIERMKSTILVKN hydra
LHAGSNKSIVSYFNDRIVVHIIVSNVILSIVIDTDA-NVGLILGTONDLISSLENLSQSIQVDIQ slime mold
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Supplementary Figure S8 Structure-based multiple sequence alignment of
Lamtor3 (also knows as MP1) orthologues from various species. o helices and 3
sheets are shown as red cylinders and yellow arrows, respectively. Every ten residue
of human Lamtor3 is marked. Conserved residues are shaded in pink. Residues
mediating interactions with Lamtorl, Lamtor2 (by side-chains), and Lamtor2 (by
main-chains) are indicated by green arrows, magenta arrows, and magenta arrowheads,

respectively.
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MT--SALTQGLERT PDQLGYLVL.SEGA-VLASSGDLENDEQAASATSELVS human
MT--STLTQGLERT PDOMGYLVMSEDGGVLASAGDLENDERLAGVIREMVA frog
MT--TALTQGLERT PDQLGYLVI SEDG-VLASAGELENDEHTAGVIMOMVR zebrafish
MS--GPGPHNLDKVPNQEGYLILNDSGAVMASSGDLENDEATAATIMKMIR sea urchin
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—————— MDK----IPGQTGYLILNEEGAVLSSSGDLENDEKSAVIIMGLIN beetle
ML---DLDGR--PVPDQIGYLVMSEDGAVLASGGELENDERSANIISGLLS mosquito
MSGSSSLIMGIDKIADNSGYFVLNREGAVLSSAGDLENDEETANQILDIIY hydra
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TACGFRLHRGMNVPFKRLSVVFGEHTLLVTVSGORVFVVKRONRGREPIDV human
VACTFRDLGEQQP-FKRMSVVFGEHTFLVTISGQRKIYVVKRONVVREPISV frog
TACRFRLHGTAEPPFKRMSVMFEDYVYAVTISGOKVEVVERONNQREPVIV zebrafish
LASKVNITPDNSQSFRKRLSVIFDDFLY IATISSDKVYISKRKNIPKEPVMA sea urchin
LTETIDESFMPSSSCERITIDYEHHYYSTCMSNRRIYITKIS-KSONGVTT fruit fly
LTSHIDRAAFEEG-FRKLSINYDKHCYIICLSNRKVYVVKKTLDYANGIP beetle
LTESVDPEVFKKRSCQKISTAYEEHSYTICMSNKRIYVVKRR-NTPNGIDV mosquito
SASKVSLSKKDDEYFQRISLIYSEFVLLVIVCNSRIFVVKRPLAKSDKNE hydra
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Supplementary Figure S9 Structure-based multiple sequence alignment of
Lamtor4 orthologues from various species. a helices and B sheets are shown as red
cylinders and yellow arrows, respectively. Every ten residue of human Lamtor4 is
marked. Conserved residues are shaded in pink. Residues mediating interactions with
Lamtorl, Lamtor5 (by side-chains), and Lamtor5 (by main-chains) are indicated by

green arrows, red arrows, and red arrowheads, respectively.



Lamtor5
-_— Bl B2 ) o2
0 40
VW

3
&lll lllrlr ! I
SIVGVLCTDSQGLNLGCRGTLSDEHAGVISVL

MEGTLEQHLEDTMKS PAVVGVLCTDSQGLNLGCRGTLSDEHAGVISVL
MEAALEQHLEDTMKNPSIVGVLCTDSEGLNLGCCGSLSDKHAGVISIL
MEGALEQHLDDTMKNPAIVGVLCTDAQGHNLGCRGSLSDEHGGVVSVL
MEQONLDKLIDDTMEGPGVMGVICADKQGI.CYSAKGTVSVGSAGIIASL
MEGHLEHQVTEISQTPGVVGVICTDPQGLSLAARGTLKPESSGLVSGL
MESKFQAQLEKIMKQDSVTGVVCGDSSGLPLAACGTATHRHAGLVSAT

MEAEKQSDIKGTIAFDTHGNVIESTGVGSQR----IEDI

W ——B3 — f1 — B5
60 70 80 90
T T uRET u T v

AQOAAKLTSD--PTDI QKHDGITV-AVHKMAS
AQQOAAKLTSD--PTDTPVVCLESDSGNIMIQKHDSITV-AVHKLAS
POQYAAKLTTD--PTDVPVVCLESDKTIFIKLEYPVYTSGAMYKPIITIF
ARQAASLTKD--ATDCPTVCLESDCGNILVRRHGTITL-AVHEMAS
SQOAALILVPE~--SSSAPVICLESDKGNVLIKTHODVTI -ATHRMPTY
ATQAASLNLGNGEDDKPTIVVEFDTGNILIRGOONSTL~-GIHRV
ANQASKIFPS--LNEVPIICIEGEKTNLLIRSEDKMVL-GIFKTRKV
G-DLSKVTLD----AEGFAQVOGDSLLVHLYKRNDITL-AVYTSAQ

} Lamtor1-binding { Lamtor4-binding (side-chain)

v Lamtor4-binding (main-chain)

human
chicken
frog
zebrafish
sea urchin
sponge
hydra
yeast Ego2

human
chicken
frog
zebrafish
sea urchin
sponge
hydra
yeast Ego2

Supplementary Figure S10 Structure-based multiple sequence alignment of

Lamtor5 orthologues from various species. a helices and B sheets are shown as red

cylinders and yellow arrows, respectively. Every ten residue of human Lamtor5 is

marked. Conserved residues are shaded in pink. Residues mediating interactions with

Lamtorl, Lamtor2, Lamtor4 (by side-chains), and Lamtor4 (by main-chains) are

indicated by green arrows, magenta arrows, brown arrows, and brown arrowheads,

respectively.
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Supplementary Figure S11 The interaction interface between Lamtor2 and
Lamtor3. a, B strands pairing between main-chains of Lamtor2 and Lamtor3 residues.
b, van der Waals interactions and hydrogen bonds between side-chains of Lamtor2
and Lamtor3 residues. Carbon atoms of Lamtor2 and Lamtor2 are colored in magenta
and cyan, respectively. Nitrogen and oxygen atoms are colored in blue and red,

respectively. Hydrogen bonds are shown as black dashed lines.
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Supplementary Figure S12 The C-terminal region of Lamtorl is among the most
conserved parts of the Ragulator surface. The sequence conservation of every
subunit of the Ragulator complex is scored and mapped onto the surface of its
structure, with red and cyan representing the highest and the lowest conservation

scores, respectively.
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Supplementary Figure S13 The 6xHis tag on Lamtorl (41-161) in the Ragulator

complex and the 6xHis tag on RagA in the RagA-RagC complex were indeed

cleaved off after the cleavage reaction. a, After the cleavage reaction, the 6xHis tag

on Lamtorl (41-161) in the Ragulator complex was indeed cleaved off. b, After the

cleavage reaction, the 6xHis tag on RagA in the RagA-RagC complex was indeed

cleaved off.
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