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Supplementary Figure 1. Gβ1 variants adopt the native fold. Far-UV circular dichroism spectra of Gβ1 variants 
(black) superimposed on the spectrum of the wild-type (WT) protein (grey).  
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Supplementary Figure 2. Thermal denaturation of Gβ1 variants. Thermal denaturation monitored by circular 
dichroism at 208 nm indicates that all Gβ1 variants are stable at room temperature (n = 1). Data was fit to a two-state 
unfolding model.37 Data from the thermal denaturation of wild-type (WT) Gβ1 is shown in grey for comparison. 
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Supplementary Figure 3. Chemical denaturation of Gβ1 variants. Chemical denaturation using guanidium 
chloride (GuHCl) demonstrates that all proteins unfold according to a two-state model (n = 3). Fraction unfolded 
values were calculated by monitoring integrated tryptophan fluorescence (λexcitation = 280 nm, λemission = 310–450 nm) 
relative to fluorescence at 0 M GuHCl. All experiments were performed in triplicate, and the average and standard 
deviation reported for each data point. The wild-type (WT) denaturation curve is shown in grey for comparison. 
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Supplementary Figure 4. Assigned 1H-15N HSQC spectra of selected Gβ1 variants. Peaks corresponding to the 
minor state are indicated with red assignments. Side-chain amide resonances from asparagine and glutamine residues 
are connected by horizontal lines. WT-A34F assignments were obtained from Jee J., et al. (2008).  
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Supplementary Figure 5. Unassigned 1H-15N HSQC spectra of selected Gβ1 variants.  
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Supplementary Figure 6. Analytical size-exclusion chromatograms of Gβ1 variants. Chromatograms monitored 
by absorption at 280 nm using an ÄKTA Pure system equipped with a Superdex 200 Increase 10/300 column (GE 
Healthcare) show a shift of approximately 1 mL in elution volume for dimeric Gβ1 variants relative to the monomeric 
wild type (WT), shown in grey for comparison. These variations in elution volume between monomeric and dimeric 
variants were not observed previously using similar elution conditions on a Bio-Rad BioLogic DuoFlow system 
equipped with an ENrich SEC 650 column, likely reflecting the difference in resolving power of the two systems.16 
  

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

D3-I7L

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

DANCER-3

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16
N

o
rm

al
iz

ed
 A

28
0

Elution volume (mL)

WT

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

WT-A34F

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

D3-F3Y

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

D3-L39V

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

D3-F34A

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

D3-I54V

0.0

0.2

0.4

0.6

0.8

1.0

10 12 14 16

N
o

rm
al

iz
ed

 A
28

0

Elution volume (mL)

WT-V39L

WT-A34F/
L39V



S7 
 

 
 
Supplementary Figure 7. Structure of the WT-A34F dimer. Solution NMR structure of WT-A34F (PDB ID: 
2RMM).31 F34 is responsible for inducing dimerization, while T17 and T18 act as reporters of dimerization in NMR. 
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Supplementary Figure 8. 1H-15N HSQC ZZ-Exchange spectra of selected Gβ1 variants. Representative ZZ-
exchange spectra are shown in blue and overlaid with 1H-15N HSQCs in black to highlight the presence of exchange 
peaks. Dotted lines connect exchange crosspeaks with peaks from the major and minor conformational states used in 
the analysis of exchange kinetics for each respective variant.  
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Supplementary Figure 9. Effect of temperature on exchange rates. 1H-15N HSQC ZZ-exchange crosspeak intensity 
curves for the W43ε minor to major state transition are shown for three temperatures per variant and were fitted using 
a four-term exchange and relaxation model.40 
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Supplementary Figure 10. D3-L39I (NERD-S) displays evidence of W43 conformational exchange at a 
concentration of 20 µM. The 1H-15N HSQC spectrum of D3-L39I at 20 µM is shown on the left (Kd = 16 ± 2 µM). 
The inset shows the W43ε minor state peak identified using ZZ-exchange experiments linked to its corresponding 
major state peak with a double-sided arrow. The chemical-shift displacement (Δδ) between major and minor state 
peaks is indicated. 
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Supplementary Figure 11. Arrhenius plots of selected Gβ1 variants. Arrhenius plots demonstrate Arrhenius 
behavior for both W43ε and T17 exchange profiles in D3-L39V, as shown by similar activation energies for all four 
transitions. D3-F3Y, D3-I54V, and WT-A34F/V39L however demonstrate non-Arrhenius behavior where one or both 
W43ε transitions display a non-physical negative or very weak activation energy indicating that they do not follow a 
simple two-state Arrhenius model, as opposed to the normal Arrhenius behavior demonstrated by T17. W43ε minor 
state peaks and crosspeaks could not be accurately quantified for D3-I7L due to their low intensity as opposed to T17 
(minor state peaks only due to overlap in 15N for crosspeaks) and T18 peaks. For all proteins with the exception of 
D3-L39V, the trend observed for W43ε transitions is significantly different than that observed for T17, suggesting 
that different modes of exchange are experienced at each position.  
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Supplementary Figure 12. NMR solution structure of D3-F34A. a, An NMR ensemble of 10 conformers (lowest 
energy) is shown for D3-F34A, with mutations from the wild type (WT) as well as W43 and A34 shown as green 
sticks. Structural elements, as assigned by NMR chemical shift indices,43 are colored in red, yellow, and grey for α-
helices, β-sheets, and loops respectively. b, An overlay of the D3-F34A structure (green) and the WT crystal structure 
(grey, PDB ID: 1PGA)18 shows that their W43 side chains adopt nearly identical conformations. 
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Supplementary Figure 13. Overlay of WT-L39V and WT Gβ1 1H-15N HSQCs. An overlay of the HSQC spectra 
of WT-L39V (black) and WT Gβ1 (red) shows high spectral similarity suggesting a similar structure for both proteins.  
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Supplementary Figure 14. Conformational plots from molecular dynamics simulations of selected Gβ1 
variants. a, Dihedral angle plots for Trp43 χ1 and χ2 dihedral angles over the course of 10 μs of simulation time, 
sampled every 200 ps. b, Representative structures showing conformations of Trp43 (blue), Phe34 (green), and 
Leu39/Ile39/Val39 (red) as well as backbone conformations in each major conformational state adopted over the 
course of the simulations, identified in a using Roman numerals. c, χ1 dihedral angles vs time plots for Trp43, Phe34, 
and Leu39/Val39/Ile39 demonstrate concerted motions between Trp43 and Phe34 in DANCER-3 and D3-L39I, as 
shown by the simultaneous adoption of a g(‒) conformation in Phe34 when Trp43 adopts a g(+) conformation (shown 
as grey shaded regions). These motions become uncoupled in D3-L39V (shown as red shaded regions). No concerted 
motions to either Trp43 or Phe34 are observed at position 39. 
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Supplementary Table 1. Dissociation constants of dimeric Gβ1 variants 

Variant Dimer Kd 
(μM) 

WT-A34F   27 ± 4 a 
DANCER-3 43 ± 3 

D3-L39I 16 ± 2 
D3-F3Y 66 ± 5 
D3-I7L 62 ± 8 

D3-L39V 31 ± 3 
D3-I54V 240 ± 20 

WT-A34F/V39L 116 ± 5 
a Value from Jee J., et al. (2008). 
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