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Fig. S1. Genes encoding heterotrimeric G protein components found in eukaryotic genomes. The 
numbers of homologous genes encoding Gα, Gβ, Gγ, RGS, D. discoideum cAMP receptor 
(cAMPR), Opisthokonta GPCRs, and 7TM-RGS proteins. The homologous genes for Gα 
(SM00275), Gγ (SM00224), RGS (SM00315), cAMP receptor (PF05462), or Opisthokonta 
GPCRs (PF00001 for the rhodopsin family; PF00002 for the secretin receptor family; PF00003 
for the metabolic glutamate receptor family; PF01534 for the Frizzled family; PF02116 for the 



yeast STE2 family; and PF11710 for the Schizosaccharomyces pombe Git3 family) were 
collected from the NCBI CDD (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) or the JGI 
(http://genome.jgi.doe.gov/). Genes from Cyanidioschyzon merolae and Cyanophora paradoxa 
were collected with an HMM-based search engine on the HMMER website 
(http://hmmer.janelia.org/) because their proteome datasets were not available on the NCBI or 
JGI databases. The genes encoding Gβ and Gγ were searched for with the HMM-based search 
engine or on the proteome dataset of individual genomes. Footnotes: [1] The numbers of genes 
encoding plant Gα, Gβ, Gγ, and RGS proteins were determined from the literature (6). Land 
plants have canonical and noncanonical Gα subunits. The numbers of Gα-encoding genes 
indicated do not include genes encoding noncanonical Gα subunits. [2] The proteome datasets 
were downloaded from the individual genome websites. [3] The genes of these species are from 
JGI. [4] Genes encoding G proteins and RGS proteins in S. cerevisiae are as previously reported 
(43). [5] N. crassa genes encoding Gα, Gβ, Gγ, cAMP receptors, and GPCRs are as previously 
reviewed (44). [6] Genes encoding human G proteins are as previously reviewed (46). [7] 
Metazoa have a Gγ-like (GGL) domain in RGS6 family proteins. The numbers of metazoan Gγ-
encoding genes do not include those containing GGL domains. [8] The unikonta GPCRs were 
described previously (17, 31, 44, 45). The accession numbers of the genes encoding G proteins 
and RGS proteins are shown in table S1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Fig. S2. Phylogeny of unikonta GPCRs. The seed protein sequences based on a protein model of 
GPCRs and bacteriorhodopsin were downloaded from the Pfam26.0 database (rhodopsin family: 



PF00001; secretin family: PF00002; metabolic glutamate receptor family: PF00003; cAMP 
receptor family: PF05462; and bacteriorhodopsin: PF01036). The GPCRs found in bikonts were 
collected from the NCBI CDD or the JGI protein databases. The sequences were aligned with 
Clustal W implemented in MEGA5.0 (http://www.megasoftware.net/). The ML tree is shown 
with branches colored in green (Rhodopsin family), yellow (cAMP receptor family), red 
(secretin receptor family), or blue (Rhodopsin family). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Fig. S3. Minimum spanning network for unikonta GPCRs. The protein sequences for GPCRs 
were prepared as described in fig. S2. The distance between each pair of GPCR sequences was 
calculated with the ML method implemented in Splitstree 4.0 (41), and the network was 
constructed with the minimum-spanning network (MSN) algorithm. Color codes of the nodes are 
as follows: blue: Rhodopsin family; green: metabolic glutamate receptor family; red: secretin 
receptor family; and yellow: cAMP receptor family. Bikonta GPCRs are shown with their 
accession number and the species name. Representative GPCRs are shown with their Pfam 
identifiers. 
 
 
 
 
 
 
 
 
 



 
 
Fig. S4. ML trees of the 7TM-RGS proteins show the distinct origin of 7TM-RGS proteins. (A) 
Unrooted tree of the 7TM-RGS sequences. Three types of domain architectures found in N. 
gruberi 7TM-RGS proteins are shown beside the branches. (B and C) Unrooted trees of the RGS 
and the 7TM domains of 7TM-RGS proteins. Note that Naegleria has three groups for the 7TM-
RGS proteins. Group 1 members have no sequential characteristics, group 2 members have a 
GPS (GPCR proteolytic site) and a long N-terminal extension, similar to a structure found in 
mammalian adhesion GPCRs, and group 3 members have a long insertion in the third loop of the 
7TM domain. The 7TM domain of group 3 members is unrelated in sequence to those of groups 
1 and 2. The RGS domains of plants and Ectocarpus are evolutionary close to those of 
Trichomonas and Naegleria group 3 members, whereas their 7TM domains are distinct from 
each other and from those of Naegleria and Trichomonas. The phylogenetic distribution of 
bikonta 7TM-RGS proteins indicates that fusion events of the two domains occurred individually 
in some evolutionary clades. 
 
 



 
Fig. S5. Intrinsic fluorescence measurements of the nucleotide exchange and hydrolysis activities of Gα proteins 
support the radionucleotide assay–based measurements. (A to E) The intrinsic tryptophan fluorescence of 500 nM 
Gα was measured with GTP as indicated or with 5 µM GTPγS. Note that TvGα1 and TvGα6, which exhibited fast 
intrinsic nucleotide exchange and slow intrinsic GTP hydrolysis activities, displayed plateaued fluorescence in the 
presence of hydrolyzable GTP followed by a decrease in fluorescence as the GTP was hydrolyzed (A and D). 
TvGα4 and TvGα5 exhibited rapid exchange in the presence of GTPγS (B and C), further supporting their fast 
exchange properties. (E) EsGα5 showed fast exchange in the presence of GTPγS. (F) Nucleotide exchange and 
hydrolysis behaviors of AtGPA1, a known self-activator, are provided for comparison purposes. Data shown are 
means ± SD of two or three independent experiments. 



 
 
Fig. S6. Identity among T. vaginalis G protein components. T. vaginalis Gα proteins differ 
substantially from one another at the primary sequence level. (A) Gene accession numbers of T. 
vaginalis G protein components. (B) Sequence identity among TvGα proteins, Arabidopsis 
GPA1, and human Gαi1 was determined by the protein BLAST program. Sequence identities of 
>40% are highlighted in green. The 3D structure of the Gα subunit is conserved despite poor 
conservation at the primary sequence level. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Fig. S7. Multiple sequence alignment of Gα subunits showing conserved residues. Protein 
sequences of the Gα subunits of T. vaginalis (TvGα1 to TvGα7), humans, and land plants 



showing that T. vaginalis subunits TvGα1 to TvGα6 have conserved critical sites for 
myristoylation, phosphate, and Mg2+ contact, as well as other residues critical for Gα function. 
Note the degree of divergence between the Gα subunits in the effector-contacting areas, the Gβγ-
contact area, and the switch regions. Such high intra-organismal divergence at the sequence level 
has not been observed in any other organisms to date. m, myristoylation site; p, phosphate-
contacting residues; W, tryptophan residues necessary for intrinsic fluorescence; g, guanine 
nucleotide–contacting residues; e, effector-contacting residues; m, magnesium-contacting 
residues; β, Gβ-contacting residues; 4, key RGS-contacting residues; 6, a GTPase-deficient 
mutation (47). Note that T. vaginalis lacks genes encoding canonical Gβ or Gγ subunits (Fig. 1A 
and fig. S1) (18). Consistent with the absence of these binding partners, T. vaginalis Gα subunits 
lack critical residues in the Gα-Gβγ binding interface, residues that are completely identical 
among human and land plant Gα subunits. In other words, Gα residues that form the Gβγ-
binding surface were released from evolutionary constraint. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S1. Accession numbers of genes encoding G proteins, RGS proteins, and GPCRs. 
 

 
 



 
 


