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Fig. S1. Genes encoding heterotrimeric G protein componfentsd in eukaryotic genomes. The
numbers of homologous genes encoding, &3, Gy, RGS, D. discoideum cAMP receptor
(cAMPR), Opisthokonta GPCRs, and 7TM-RGS proteifike homologous genes foroG
(SM00275), ¢ (SM00224), RGS (SM00315), cAMP receptor (PF054&#),0Opisthokonta
GPCRs (PF00001 for the rhodopsin family; PFO00G2tie secretin receptor family; PFO0003
for the metabolic glutamate receptor family; PFOL%5@ the Frizzled family; PF02116 for the



yeast STE2 family; and PF11710 for tisehizosaccharomyces pombe Git3 family) were
collected from the NCBI CDD (http://www.ncbi.nImmgov/Structure/cdd/cdd.shtml) or the JGI
(http://genome.jgi.doe.gov/). Genes frddyanidioschyzon merolae and Cyanophora paradoxa
were collected with an HMM-based search engine dme tHMMER website
(http://hmmer.janelia.org/) because their proteatatasets were not available on the NCBI or
JGI databases. The genes encodifiga®d G were searched for with the HMM-based search
engine or on the proteome dataset of individuabgess. Footnotes: [1] The numbers of genes
encoding plant @, GB, Gy, and RGS proteins were determined from the liteeas). Land
plants have canonical and noncanonical &ibunits. The numbers ofo&ncoding genes
indicated do not include genes encoding noncanbfoasubunits. [2] The proteome datasets
were downloaded from the individual genome websj@sThe genes of these species are from
JGI. [4] Genes encoding G proteins and RGS proieiSscerevisiae are as previously reported
(43). [5] N. crassa genes encoding &; G3, Gy, CAMP receptors, and GPCRs are as previously
reviewed 44). [6] Genes encoding human G proteins are as quely reviewed 46). [7]
Metazoa have adike (GGL) domain in RGS6 family proteins. The noens of metazoan\s
encoding genes do not include those containing @Gains. [8] The unikonta GPCRs were

described previouslyly, 31, 44, 45). The accession numbers of the genes encodingt@ips
and RGS proteins are shown in table S1.
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Fig. S2. Phylogeny of unikonta GPCRs. The seed proteinesatps based on a protein model of
GPCRs and bacteriorhodopsin were downloaded frenPfam26.0 database (rhodopsin family:



PFO0001; secretin family: PFO0002; metabolic glitamreceptor family: PFO0003; cAMP
receptor family: PF05462; and bacteriorhodopsirDIB6). The GPCRs found in bikonts were
collected from the NCBI CDD or the JGI protein datses. The sequences were aligned with
Clustal W implemented in MEGAS.0 (http://www.megts@re.net/). The ML tree is shown
with branches colored in green (Rhodopsin familygllow (CAMP receptor family), red
(secretin receptor family), or blue (Rhodopsin figini
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Fig. S3. Minimum spanning network for unikonta GPCRs. Thet@n sequences for GPCRs
were prepared as described in fig. S2. The disthebgeen each pair of GPCR sequences was
calculated with the ML method implemented in Spigs 4.0 41), and the network was
constructed with the minimum-spanning network (M@idjorithm. Color codes of the nodes are
as follows: blue: Rhodopsin family; green: metabalutamate receptor family; red: secretin
receptor family; and yellow: cAMP receptor familgikonta GPCRs are shown with their
accession number and the species name. Repregen@®BCRs are shown with their Pfam
identifiers.
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Fig. $4. ML trees of the 7TM-RGS proteins show the distioGgin of 7TM-RGS proteins A)
Unrooted tree of the 7TM-RGS sequences. Three tgpefomain architectures found M.
gruberi 7TM-RGS proteins are shown beside the brancBean{C) Unrooted trees of the RGS
and the 7TM domains of 7TM-RGS proteins. Note thiaégleria has three groups for the 7TM-
RGS proteins. Group 1 members have no sequentshcteristics, group 2 members have a
GPS (GPCR proteolytic site) and a long N-termindkrsion, similar to a structure found in
mammalian adhesion GPCRs, and group 3 membersahlavg insertion in the third loop of the
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Fig. S5. Intrinsic fluorescence measurements of the nuicleaxchange and hydrolysis activities oft @roteins
support the radionucleotide assay—based measurentérb E) The intrinsic tryptophan fluorescence of 500 nM
Ga was measured with GTP as indicated or wifdVbGTPYyS. Note that Tv@1 and Tv@6, which exhibited fast
intrinsic nucleotide exchange and slow intrinsicRGAydrolysis activities, displayed plateaued flsosence in the
presence of hydrolyzable GTP followed by a decraasftuorescence as the GTP was hydrolyzed (A afd D
TvGo4 and Tv@b5 exhibited rapid exchange in the presence of Y&T@ and C), further supporting their fast
exchange properties. (E) Es& showed fast exchange in the presence of \STF) Nucleotide exchange and
hydrolysis behaviors of AtGPAL, a known self-actora are provided for comparison purposes. Datavshare
means + SD of two or three independent experiments.
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A

Designation Accession Number
TvGa1 XP_001322334
TvGa2 XP_001330268
TvGa3 XP_001580284
TvGa4 XP_001304281
TvGab5 XP_001325781
TvGa6 XP_001324344
TVvRGS1 (5TM) XP_001311154
TVvRGS2 (7TM) XP_001583271
TvRGS3 (7TM) XP_001326285
TVRGS4 (7TM) XP_001320387
B

TvGa1l TvGa2 TvGa3 TvGo4 TvGa5 TvGa6é AtGPA1 HsGail
TvGal | X 35% 33% 32% 33% 32%
TvGa2 33% 35% 32% 32% 29% 31%
TvGa3 33% X 31% 30% 31%
TvGa4 35% 31% X 32% 33% 28% 32%
TvGa5 32% 32% X 36% 26% 29%
TvGab 32% 33% 36% X 28% 29%
AtGPA1 29% 30% 28% 26% 28% X 37%
HsGai1 31% 31% 32% 29% 29% 37% X

Fig. S6. Identity amongT. vaginalis G protein componentsl. vaginalis Ga proteins differ
substantially from one another at the primary sagedevel. ) Gene accession numbersTof
vaginalis G protein componentsB) Sequence identity among TuQGroteins, Arabidopsis
GPAL1, and human &; was determined by the protein BLAST program. Saqeedentities of
>40% are highlighted in green. The 3D structurehaf G subunit is conserved despite poor

conservation at the primary sequence level.
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Fig. S7. Multiple sequence alignment ofoGsubunits showing conserved residues. Protein
sequences of the dGsubunits ofT. vaginalis (TvGal to TvGa7), humans, and land plants



showing thatT. vaginalis subunits Tv@&1 to TvGo6 have conserved critical sites for
myristoylation, phosphate, and Kigcontact, as well as other residues critical for {Gnction.
Note the degree of divergence between thesGbunits in the effector-contacting areas, tibg-G
contact area, and the switch regions. Such high-imtganismal divergence at the sequence level
has not been observed in any other organisms ® dat myristoylation site; p, phosphate-
contacting residues; W, tryptophan residues nepgedsa intrinsic fluorescence; g, guanine
nucleotide—contacting residues; e, effector-comtgctresidues; m, magnesium-contacting
residues;f3, GB-contacting residues; 4, key RGS-contacting residiie a GTPase-deficient
mutation @7). Note thafT. vaginalis lacks genes encoding canonicfd @ Gy subunits (Fig. 1A
and fig. S1) 18). Consistent with the absence of these bindinthpes,T. vaginalis Ga subunits
lack critical residues in the dGGPy binding interface, residues that are completebniatal
among human and land planttGubunits. In other words, dGresidues that form the 8§
binding surface were released from evolutionaryst@amt.



Table S1. Accession numbers of genes encoding G protein§ RGteins, and GPCRs.







