





Fig. S3. (A) Background corrected dipolar evolution data for each double-labeled mutant along the activation pathway. Gray traces show fits to each
individual dipolar evolution. (B) Fourier transformation of the dipolar evolution data given in A yields the dipolar spectra in B. The data are shown for each
spin-labeled double mutant along the activation pathway.
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Fig. S4. Normalized integral representations of the distance distributions shown in Fig. 1C of the main text. Such representations are particularly useful for
visually estimating the relative populations of the distances. This is illustrated, for example, in the top panel of the 90-238 mutant; the major population is
about 80%. The most probable distance for a population is estimated from the midpoint of the transition.
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Fig. S5. A BLAST (Basic Local Alignment Search Tool) sequence alignment of Ga; and the Ga;/Ge; chimera of 1GOT, which was used in comparative modeling.
The sequence alignment features a single gap (red) within the N-terminal a-helix of the protein. The Gq; region (residues 216-294 of the 1GOT sequence) is
shown in orange. The a-helical domain is shown in green. The C-terminal helix and 11 residues of the opsin-bound peptide are shown in yellow and blue,

respectively.
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Fig. S6. Superposition of transducin’s C-terminal helix with the opsin-bound peptide ligand. (A) The opsin structure is shown as orange ribbon with the 11
residue C-terminal peptide of transducin as blue sticks (PDB ID code 3DQB). The C terminus of the a-subunit of G,;-1GOT in yellow has been superimposed so
that residues 344-347 overlap with the first four residues of the peptide. (B) The residues from the peptide are merged with G,;-1GOT by replacing residues
344-347 of the a-subunit with the first four residues of the peptide.
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Fig. 7. The 1,000 models with repositioned helical domain filtered by EPR score and chain break distance. (A) The models were scored for agreement with the
distance measurements according to the knowledge-based potential of Hirst et al. (4). The potential provides a score between —1 (perfect agreement) to zero
(no agreement). Shown is the fraction of models for which a given score is observed for each EPR measurement. (B) It is important that the docking protocol
does not introduce too large of a chain break between the helical domain and the rest of the a-subunit. Shown is the fraction of models with which a given
C,-C, distance is observed for the two cut points. The distances were calculated before the chain breaks were removed, which was accomplished by recon-
structing the linker regions between the helical domain and the rest of the a-subunit (5, 6). In both A and B, gray areas have counts of zero.
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Fig. S8. The 1,000 models resulting from repositioning the helical domain were hierarchically clustered. A distance cutoff between clusters of 2.0 A results in
five cluster centers. Residue 90 is shown as alpha carbon spheres to guide the eye in distinguishing the different orientations of the helical domain. The cluster
centers show relatively similar placements of the helical domain. The color coding shown above is similar to Fig. 3 in the main text. The C-terminal helix of the
nucleotide binding domain is shown in yellow with its last 11 amino acids colored blue.
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Fig. 9. Shown is the position of the helical domain in the unbound heterotrimer as determined from crystallography (PDB ID code 1GOT) (magenta ribbon)
compared to the receptor-bound G,;-1GOT model (green ribbon). The relative positions of the two helical domains (model versus 1GOT structure) were
determined by aligning the nucleotide binding domains of the a-subunit (light blue ribbon) in the two structures. (Top) The C,-C, distances at opposite ends
of the helical domain were calculated in order to demonstrate the extent of the movement captured by the docking protocol. The distances were calculated
between residues 51 and 66 (Top, dashed lines), and between residues 90 and 277 (Bottom, dashed lines). Coordinates of residues 51 and 277 outside the helical
domain are used for reference. The helical domain is shown to rotate 29°. (Middle) The change in distance of residue 66 from residue 51 is 8.1 A. (Bottom) The
change in distance of residue 90 from residue 277 is 7.1 A.
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Movie S1. Animation showing the hypothesized conformational changes leading to GDP release. The crystal structure of rhodopsin before activation [red,
PDB ID code 1U19 (1)] transitions to the activated state [orange, R*, PDB ID code 3DQB (2)]. The GDP-bound heterotrimer binds to R* and the helical domain of
Ga(GDP) opens away from the nucleotide binding domain. The opening movement allows GDP release leading to G,(0),,. Color scheme is Gy, tan; G,, black;
G,(GDP)helical domain, green; G,(GDP)nucleotide binding domain, gray; GDP, spheres. The animation was created using Pymol RigiMOL (Schrodinger, LLC).
Movie S1 (MOV)
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Table S1. Agreement of the receptor-bound G,;-1GOT model with experimentally measured EPR distances

Mutant: 90/238 157/333 171/276 141/333 138/276
EPR experiment:

Free heterotrimer 18 A 28 A 26 A 33A 20 A
Bound to activated receptor 38 A 45 A 34 A 46 A 34 A
Distance change 20 A 17 A 8 A 13A 14 A
Structures:

Free heterotrimer 1A 25 A 23 A 32A 16 A
Bound to activated receptor 32A 40 A 25 A 41 A 29 A
Distance change 21A 15 A 2A 9A 13A
Agreement between experiment and model according to KBP -0.96 -0.96 -0.71 -0.96 -0.97

The EPR distances in the table are determined from the most probable distances in each distribution. The distances measured in models are
measured between C; atoms. Distances for the free heterotrimer were calculated using the experimental crystal structure (PDB ID code 1GOT).
Distances for the receptor-bound state were calculated using the G,;-1GOT model. Distance agreement between the receptor-bound model
and the EPR measurements were calculated according to the knowledge-based scoring potential (KBP) (4). Perfect agreement would be —1.0
and no agreement would be 0.0.
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