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Supplementary Tables and Figures  

Table S1. Parameters from non-linear regressions to calculate KD and Ki. 

figure entry equation constrained 
constants unconstrained  extracted value 95% confidence 

interval 

2D [9] dependence, 
KRasG12D GDP 1 [P]0=6 µM, 

t=0.16 s A=297 Hz KD=204 µM 158-267 µM 

2D [12] dependence, 
KRasG12D GDP 

1 [P]0=6 µM, 
t=0.16 s 

A=240 Hz KD=307 µM 256-374 µM 

2D [17] dependence, 
KRasG12D GDP 

1 [P]0=3 µM, 
t=0.16 s 

A=614 Hz KD=352 µM 260-493 µM 

2D 
[12] dependence, 

KRasG12D GNP 1 
[P]0=6 µM, 
t=0.16 s A=644 Hz KD=778 µM 655-941 µM 

2D 
[17] dependence, 

KRasG12D GNP 1 
[P]0=3 µM, 
t=0.16 s A=491 Hz KD=393 µM 302-526 µM 

4B [MRTX849] dependence, 
KRasG12D GDP 3 none B=1.12 Ki,obs=4.37 µM 3.25-5.80 µM 
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Figure S2. Rates of transverse relaxation measured by multi-point CPMG experiments. a, chemical structures of solubilized 
probes (4, 9, 12, 15, and 17) and truncated derivatives (25 and 26) lacking the solubilizing group. b, effects of amide substituents and 
solubilizing group on the 19F NMR transverse relaxation rate (R2,free) of trifluoromethylated probes (50 µM for 25 and 26, 100 µM for 
others); R2,free measured by fitting absolute integrals to exponential decay functions of the total spin echo time (constant frequency); 
values are means ± SD with 6 timepoints per fit (n=3 for probes, n=15 for the internal standard 3TFMP). c, effect of varying [KRasG12D 
GDP] on the T2 relaxation curves of probe 9; one example replicate for each concentration shown. d, effect of varying [KRasG12D 
GDP] on the observed transverse relaxation rate constants (R2) of probe 9 and the standard 3-trifluoromethylphenol; values are means 
± SD with 6 timepoints per fit (n=3). e, predicted differences in integrals (I-I0) calculated from the rate constants shown in (d); the 
optimal spin echo periods that should be chosen to maximize signal-to-noise are marked with an x.  
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Figure S3. KD measurement of probe 9 binding to U-15N-KRasG12D GDP 1-169 by HSQC NMR. The six most-perturbed and well-
resolved peaks were traced and fit to a single site binding curve with CCPNMR Analysis v3 to obtain an average KD of 0.58±0.28 mM; 
the most strongly perturbed peaks were too broadened to include in the analysis; 1H components of CSPs were weighted by 7 relative 
to 15N; spectra were acquired at pH 7.4 and 298 K with 10% dmso-d6, 50 µM protein, and 0.20/0.33/0.50/1.0 mM 9; each spectrum is 
a singlicate, the reported error is the SD from the six fit peaks. 
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Figure S4. Design of a competitive assay to measure SIIP occupancy. a, superimposed structures of covalently bound 2C07 
(5VBM) and MRTX849 (PUT0), showing the expected overlap between the SIIG and SIIP binding sites. b, chemical structures of 
G12C-targeted SIIP inhibitors AMG510 and JDQ443. c, effects of SIIP-inhibitors on the integrals (I) from 19F CPMG NMR spectra (320 
ms) of probe 9 (100 µM) in the presence of KRasG12D (2 µM, GDP-bound); individual points shown (n=3 or 6). d, effect of the nucleotide 
state of KRasG12D (6 µM) on the transverse relaxation rates of probes 9 and 12 in mixture (50 µM each); R2 measured by fitting absolute 
integrals to exponential decay functions of the total spin echo time (constant frequency) with five timepoints per fit; individual points 
shown (n=3); R2,free values previously measured (Figure S2B) marked as dotted lines. e, effect of SIIP inhibitors on the transverse 
relaxation rates of probes 9 and 12 in mixture (50 µM each) in the presence of both nucleotide states of KRasG12D (6 µM each, GDP- 
and GNP-bound); individual points shown (n=2-4); the lines defined by R2,free and constants C and D (calculated from the data in panel 
d) in equations 5 and 6 are plotted as solid lines.
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19F CPMG1D NMR spectra of probes 9, 12, and 17 

 
Effect of KRasG12D GDP on a mixture of probe 9 (-56.3 ppm) and 3TFMP (-62.3 ppm). Data in Figure 2C; one 

arbitrarily chosen replicate per condition shown; 160 ms total spin echo; 0 (red), 2 (gold), 4 (green), 6 (teal), 8 

(blue), and 10 (purple) µM protein. 

 

 
Competition of MRTX849 and probe 9 (-56.3 ppm) binding to KRasG12D GDP (2 µM). Data in Figure 4B; one 

arbitrarily chosen replicate per condition shown; 320 ms total spin echo; 0 (gold), 2 (green), 4 (blue-green), 8 (light-

blue), 16 (dark-blue), and 32 (purple) µM MRTX849; a blank sample (no protein) is shown in red. 
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Effect of KRasG12D GDP on a mixture of probe 12 (-56.2 ppm) and 3TFMP (-62.3 ppm). Data in Figure 2C; one 

arbitrarily chosen replicate per condition shown; 160 ms total spin echo; 0 (red), 2 (gold), 4 (green), 6 (teal), 8 

(blue), and 10 (purple) µM protein. 

 

 
Effect of KRasG12D GNP on a mixture of probe 12 (-56.2 ppm) and 3TFMP (-62.3 ppm). Data in Figure 2C; one 

arbitrarily chosen replicate per condition shown; 160 ms total spin echo; 0 (red), 2 (gold), 4 (green), 6 (teal), 8 

(blue), and 10 (purple) µM protein. 
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Effect of KRasG12D GDP on a mixture of probe 17 (-56.15 ppm) and 3TFMP (-62.3 ppm). Data in Figure 2C; one 

arbitrarily chosen replicate per condition shown; 160 ms total spin echo; 0 (red), 2 (olive), 4 (green), 6 (blue), and 8 

(purple) µM protein. 

 

 
Effect of KRasG12D GNP on a mixture of probe 17 (-56.15 ppm) and 3TFMP (-62.3 ppm). Data in Figure 2C; one 

arbitrarily chosen replicate per condition shown; 160 ms total spin echo; 0 (red), 2 (olive), 4 (green), 6 (blue), and 8 

(purple) µM protein. 
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