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Fig. S1. Phylogenetic analysis confirming identification of Rheb orthologs. The maximum likelihood tree was inferred
using RAXML-HPC2 (LG4X+I" substitution model) based on a multiple alignment of the conserved GTPase domain
(151 aligned amino acid position). The root is arbitrarily placed between the clade comprising bona fide Rhebs and
other Ras family proteins. The numbers at branches refer to ML bootstrap values (shown only when >65%) and
posterior probabilities (20.9) calculated using MrBayes (WAG+I'+| substation model). If the species has more than
one Rheb gene, these are distinguished by a specific gene label, otherwise only the species name is indicated.
Sequence identifiers of the Rheb sequences included in the analysis is provided in table S1, those of other Ras family
proteins are indicated in brackets (the respective databases are listed in table S1). Note the position of the Naegleria
gruberi protein “61087” (among “other Ras family proteins”), which seems to have been misinterpreted as a Rheb
ortholog by van Dam et al. (2011b).
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Fig. S2. Annotated multiple alighnment of PX-Rheb protein sequences. Sequence accession numbers are provided in
table S1. The alignment was prepared using MAFFT version 7 and processed for visualization using Chroma v1.0. The
Homo sapiens RHEB sequence represents the conventional Rheb form lacking the N-terminal PX domain.
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Fig. S3. Annotated multiple alighment of Rheb protein sequences from Euglenozoa. Sequence accession numbers are
provided in table S1. The alignment was prepared using MAFFT v7, manually adjusted, and processed for
visualization using Chroma v1.0 (numbers in brackets indicate the number of amino acid residues omitted from the
display for simplicity). The Homo sapiens RHEB sequence represents the conventional Rheb form. Positions predicted
to be N-myristoylated (see table S3) are highlighted with a blue background, positions predicted to be S-
palmitoylated (see table S4) are highlighted with a pink background, the CaaX box is highlighted with a red
background. Note that the sequence of the C-terminus of the Rheb3 protein from Entosiphon sulcatum has not been
defined (the available transcript sequence is either 3'-truncated or has a retained intron), so it is unclear whether
this protein has the CaaX box (as its orthologs) or lacks it. The region corresponding to the FYVE domain is boxed.
Note that Pfam search (http://pfam.xfam.org/) failed to recognize the FYVE domain in the Rheb1 proteins from the
two Prokinetoplastina species, but the presence of the domain (albeit possibly divergent) in these two proteins is
supported by sequence conservation in the respective region and searches against the NCBI Conserved Domains
database (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi).
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Fig. S4. N-terminal myristoylation of the Euglena longa Rheb2 protein detected by mass spectrometry.
EloRheb2 protein was affinity purified on S-protein agarose, dissected from a gel after 12% SDS-PAGE
electrophoresis, cleaved with trypsin, and the peptides were analyzed by mass spectrometry. The plots
shows the signal for two different wvariants of the N-terminal tryptic peptide
(GNSSDKEKPPANGASPDEAGAGPAHDVK) of the Rheb2 protein: A) an unmodified form (2702.25 Da, a lower
LC-MS retention time); B) a myristoylated form (2912.45 Da, a higher LC-MS retention time). Both peptide
variants were monitored in three different samples (each sample processed twice, the results shown as
two lines of the same colour): green, samples from E. coli expressing Rheb2, but not N-myristoyl
transferase (NMT), supplemented with myristate; pink and blue, samples from E. coli expressing Rheb2 and
NMT in the presence or absence of external myristate, respectively. Note the lack of a green signal for the
myristoylated peptide (consistent with the lack of myristoylation in the absence of NMT). The lack of a pink
and a blue signal for the non-myristolated peptide indicates a high efficiency of NMT-dependent N-
myristoylation in the heterologous system of E. coli cells, even in the absence of the external myristate.
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sequences with putative S-palmitoylation (excluding
dually acylated Rhebs from Euglenozoa). Sequence
accession numbers are provided in table S1. The
alignment was prepared using MAFFT v7, manually
adjusted, and processed for visualization using Chroma
v1.0 (numbers in brackets indicate the number of amino
acid residues omitted from the display for simplicity).
The Homo sapiens RHEB sequence represents the

KTTQHYDMP--AES TIM

KHSRPEAV---EKP! IL . . .
KMDGARS-——-QGKS-SsvM conventional Rheb form lacking an acylated N-terminal
PePeeenen pp....Cslb extension or palmitoylated cysteines adjacent to the C-

terminal CaaX box. Positions predicted to be S-
palmitoylated (see table S4) are highlighted with a pink
background. Note also the putatively myristoylated
glycine residue (highlighted with a blue background; see
also table S3) at the N-terminus of the Rheb sequence
from Thecamonas trahens.
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Spongospora subterranea ITEVMILYALSWPI-— --GM----- ASVMMAGLGAIGVSIOATTAICSWRLORDLRHVIPDTLEHYVPIPS---DIYP--~—

Leptophrys vorax
Paulinella chromatophora
Homo sapiens RHEB
Consensus/80%

—-GVPILKQHSLESILSMSVIVVVHLSSILA-—-SCWGQEVLDESDGPHYEPLAS---PPYLIDR
TVWESRRDHSAGPKQRITAPD---SPFPVNY-NSFDD (8) —

Fig. S6. Annotated multiple alignment of Rheb-TM protein sequences from the SAR clade. Sequence accession
numbers are provided in table S1. The Homo sapiens RHEB sequence represents the conventional Rheb form with the
C-terminal CaaX box (highlighted in red). The alignment was prepared using MAFFT version 7, manually adjusted, and
processed for visualization using Chroma v1.0 (numbers in brackets indicate the number of amino acid residues
omitted from the display for simplicity). Underlined regions correspond to trans-membrane (TM) segments as
predicted using the TMHMM Server 2.0 except for the last TM segment in the Rheb sequence from Leptophrys vorax,
which was not recognized by TMHMM but was predicted by the alternative tool TMpred. The Rheb sequence from
Entodinium caudatum lacking the last two transmembrane segments may not be complete. Note that some of the
Rheb-TM sequences still exhibit a cysteine residue at the position corresponding to the cysteine residue of the CaaX
box of conventional Rheb (suggesting that Rheb-TM emerged via direct accretion of the C-terminal region with the
transmembrane segments to the original C-terminus).



Cryptococcus neoformans 116 R-DERS[TKE! LE| “EKKKS-S||WP-W-—---—
Cryptococcus gattii 116 R-DERS)YTKE; LE| P

Cryptococcus depauperatus 115 R-DERS|TRE] TIFLE “EKKKS-G||WP-F-—---—
Tsuchiyaea wingfieldii 117 R-DORSITK LN “EKKKS-GWP-F-—----
Kwoniella pini 260 Q-SERAITT GE

Kwoniella mangroviensis 274 ECW_LEQ SElAuTTA.E‘N.GEI.S_K.VSRAEDVELAEQKEY.———EA EEKK.S sﬁws WGAK--
Kockovaella imperatae 115 [5CHVIAORVDSGSERRYTFAENENARK 1l s/ TEs NKDNKNVGKASEVIILREVQKE YN - - - [JA—[ZEKKKS - S[[WG-WGK—--
Naematelia encephala 115 |Z5ClIAORSD IsAADRRYSVARNER KRR 'GIIS 3VES SIRDNKNVGKALE T FLOVYOKEYN - - - ZK - ZEKKKS - SWP-FSS---
Tremella mesenterica 113 [45Cl I AOKCD DS SERRYTT I ENQEMIRK KNGl VECNKDNKNVGKASEAIMNERMAYN - - - [{P—[ZEKKKS - S[[WI -WGR—--
Trichosporon asahii 271 [FCHUIVAORCD K - DERRYTAAEN O KK GliA 3VE s ENRDNKNVE GA[ZDAF LAEUOREYN - - —[ZAP[SAPARS -KIWP-W---— -
Cutaneotrichosporon oleaginosum 341 |[$5CI AQRVDID-KERRSKAENERRK?GHALESNKDNKNVDRAGEAFLGEUQREYN - - -[{A-[ZAPARK-G[WP-WS———-
Holtermannia corniformis 217 [FCHUINAORSD s - EAROJ/EADENEN KK /KN v[3 1 E T ENRDNKNVGKVIZDLIFLGEUOKVYN - - —[ZA-SEKKRS - SFS-WGSK- -
Solicoccozyma terricola 122 [CCIAOKSDG-ENROYS LEENAGIRK GIA[ TETSNKDNKH INDVINLIIM I EYRRVYN- - -[5P- EEKK.V—S@WSSWVGGGK
Naganishia albida 147 CCjViAQKCDN-GVROKFEENOIA HENGIET _KlITDvEDLEMVERKAF.———EP [ZEKKKQ-G[[FASWFGGA-
Xanthophyllomyces dendrorhous 114 AECHIANKSDN-GNRAYPTAEAKNFNORIKNPEVETENVKNDK IDEPVQSILAEIWKSEG ( 6) AA-|ZAKATGGS[JFGSWFGGKK
Mrakia frigida 117 [ECiviANKsD D -AARVY s vAEBRKEMEAR I KHPEVET S VKNANI HEPVNLIFLART YKSEG (4) AA—[ZAASGGGS[LGGWFGKK-
Homo sapiens RHEB 112 IEIML“NIKEH—MEIVISYE.KEESWNIAELISEEIQTAVDVERRIILlAEKMDG———AA—SQGKSS* ————————

Consensus/80% VPhV1VGQKsDLp. .pR.V*. .EGPALAKKL.AsF1E*SAKDNpNls.sFchLl.EMp+.aN...P..P..pKt.tWas.a.....

Fig. S7. Annotated multiple alignment of the C-terminal region of Rheb protein sequences from Tremellomycetes. The
Homo sapiens RHEB sequence represents the conventional Rheb form with the CaaX box at the C-terminus (highlighted
in red). The numbers on the left indicate the position of the first amino acid residue shown in the original full-length
sequence (for accession numbers of the sequences see table S1). The alignment was prepared using MAFFT version 7,
manually adjusted, and processed for visualization using Chroma v1.0 (numbers in brackets indicate the number of
amino acid residues omitted from the display for simplicity). Note the replacement of the CaaX box by a tryptophan-
rich motif in all tremellomycete sequences.



