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Supplementary Figures 
 

 
Figure S1. Binding isotherms and computed dissociation constants of cGMP, Rp-cGMPS and Sp-cGMPS 
for pfD WT and R484A. (A) 15N-1H HSQC-monitored titration of Rp-cG to WT pfD, zoomed into the peak 
for residue V463. (B) Binding isotherm of Rp-cG titration to WT pfD, showing the fraction of bound Rp-
cG (i.e. <v>) versus the concentration of unbound Rp-cG (i.e. [Rp-cG]free). <v> was computed using the 
NMR-monitored titration shown in panel (A) and the associated chemical shift changes. (C) Binding of 
Sp-cG to WT pfD is slow relative to the NMR timescale, hence concentration-dependent chemical shift 
changes were not observed. Therefore, intensity ratios of the peak for residue V463, relative to the 
intensity of the peak from the last titration point (i.e. 3mM Sp-cG), were used instead. (D) Binding 
isotherm of cGMP to R484A pfD. (E) Similar to panel (D), but for Rp-cG. (F) Similar to panel (D), but for 
Sp-cG.  
 



 
Figure S2. Binding isotherms of cGMP, Rp-cGMPS and Sp-cGMPS for hB WT and Y351A. (A) Binding 
isotherm of Rp-cG titration to WT hB, showing the fraction of bound Rp-cG (i.e. <v>) versus the 
concentration of unbound Rp-cG (i.e. [Rp-cG]free). <v> was computed using an NMR-monitored titration 
and the associated chemical shift changes. (B) Similar to panel (A), but for Sp-cG. (C) Similar to panel (A), 
but for the Y351A mutant. (D) Binding of cGMP to hB is slow relative to the NMR timescale, hence 
concentration-dependent chemical shift changes were not observed. Therefore, intensity ratios of the 
peak for residue V294, relative to the intensity of the peak from the last titration point (i.e. 3mM cGMP), 
were used instead. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure S3. CHESCA correlation matrices for WT and related capping residue mutants of (A) pfPKG and 
(B) hPKG as in Figure 3 but with regions of homologous residues highlighted in grey. The cut-off value 
for the Pearson correlation coefficient was set to 0.95. 
 
 
 
 
 
 
 



 
 

Figure S4. Spectral comparisons of homologous residues in WT pfD and hB. Overlay of 15N-1H HSQC 
spectra of apo (black), Rp-cGMPS-bound (red), Sp-cGMPS-bound (purple) and cGMP-bound (green) 
zoomed into I458 of pfD (A) and its homologous residue in hB, I276 (B). The relative positions of HSQC 
cross-peaks for cGMP-analog bound states are similar for these homologous residues. (C) Similar to 
panel (A), but for R473 of pfD. (D) Similar to panel (C), but for its homologous residue in hB, R297. The 
relative positions of the HSQC cross-peaks are now different for these homologous residues. 

 
 



 
Figure S5. Similarity measurements (SM) for hB over time. (A, C, E, G) Similarity measurements over 
time for the N3A region of the four states in Fig. 1H. An SM value close to 1 indicates similarity to the 
“out” conformation (holo/active) while -1 captures the “in” conformation (apo/inactive). (B, D, F, H) 
Similarity measurements over time for the aB-aC region of the four states in Fig. 1H. If the SM value is 
close to 1, the aB-aC helices approach the “in” conformation (holo/active), while an SM value of -1 
captures the “out” conformation (apo/inactive). 

 



 
 

Figure S6. Chemical Shift Projection Analysis (CHESPA) of hPKG CBD-B Y351A mutant. (A) Compounded 
15N-1H chemical shift changes (ΔCCS) between cGMP-bound WT and cGMP-bound Y351A samples of hB, 
plotted versus residue number. The CHESPA vector scheme is shown on the left side of the plot. (B) 
CHESPA fractional shift (X) values versus residue number for cGMP-bound Y351A hB. (C) CHESPA cos(q) 
values versus residue number for cGMP-bound Y351A hB. 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

Figure S7. Distances between the PBC and BBR/β2-3 loop, as computed from MD simulations of WT 
hB and pfD. For each state, three 1-μs MD trajectories were used for the analysis. (A) Boxplots for 
distances between the PBC and BBR of hB (green) and pfD (red)(1). (B) Boxplots for distances between 
the PBC and β2-3 loop of hB (green) and pfD (red)(1). In the boxplots, the middle, bottom, and top lines 
of the box define the median, 25th percentile and 75th percentile, respectively; the whiskers indicate 
additional data falling within 1.5*IQR (where “IQR” is the interquartile range) above the 75th percentile 
or below the 25th percentile; the small square represents the mean, and the two crosses represent the 
1st and 99th percentiles of the data. 
 
 
 
 
 



 
 
Figure S8. The pfPKG BBR exhibits significant perturbations compared to the hPKG BBR. (A) 
Compounded 15N-1H chemical shift changes (ΔCCS) between cGMP-bound and Rp-cGMPS-bound pfPKG 
CBD-D, plotted versus residue number. The red dashed line represents the average ΔCCS of residues in 
the BBR. The CHESPA vector scheme is shown on the left side of the plot. (B) CHESPA fractional shift (X) 
values versus residue number for Rp-cGMPS-bound pfD. (C) CHESPA cos(q) values versus residue 
number for Rp-cGMPS-bound pfD. (D-F) Similar to panels (A-C), respectively, but for hB.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Figure S9. Backbone 15N relaxation rates for cGMP-bound pfD. (A) R2 relaxation rates. The black 
diamonds represent simulated R2 rates computed with HydroNMR(2). (B) Product of R2 and R1 relaxation 
rates. (C) 1H,15N NOE values. Black horizontal lines denote the average values calculated for the rigid 
inner b-strands of the b-barrel, which are assumed to sense primarily the overall tumbling motion of the 
protein in solution. 
 

 
 
 
 
 



 
 

Figure S10. Reduced spectral densities for cGMP-bound pfD. (A) J(0) values, (B) J(wN) values, and (C) 
J(wN + wH) values. Black horizontal lines denote the average values calculated for the rigid inner b-
strands of the b-barrel, which are assumed to sense primarily the overall tumbling motion of the protein 
in solution.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



 

 
Figure S11. Residue-specific structural fluctuations, as computed from MD simulations of WT hB and 
pfD. (A) Root-mean-square fluctuations (RMSFs) vs. residue number for hPKG CBD-B, computed via 
overlay of the Cα atoms of the whole hPKG CBD-B domain to the respective initial models. Green dashed 
lines represent the average RMSFs for the BBR and PBC regions of the holo/active state, and the 
corresponding values are indicated along the right y-axis. A log10 scale is used for the RMSF values. (B) 
Similar to panel (A), but for pfPKG CBD-D which is derived from previous MD simulations(1). 



 
 

Figure S12. Pairwise inter-residue correlation plots of the guanine-interacting BBR residue R473 with 
residues in the N3A (R420, N428, I431) in (A-C) WT pfD and (D-F) R484A pfD. 

 
 
 
 
 
 
 
 
 
 

 



 
 
Figure S13. Pairwise inter-residue correlation plots of the guanine-interacting BBR residue R297 with 
residues in the N3A (S246 and A249) in (A, B) WT hB and (C, D) Y351A hB. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

Figure S14. Dendrograms of allosteric residue clusters from WT pfD. (A) Dendrogram of the 
agglomerative clustering of the four CHESCA perturbation states (i.e. apo, cGMP- and cGMP-analog-
bound states) using residues from cluster 1. (B) Dendrogram of the residues in cluster 1, which includes 
R473 and is the cluster used for mapping on the structure in Fig. 6I. Residue numbers highlighted in 
green indicate residues used for the pairwise correlation plots in Fig. 6A-D and S12. (C) Similar to panel 
(A) but for cluster 2. (D) Dendrogram of cluster 2 residues. (E) Similar to panel (A) but for cluster 3. (F) 
Dendrogram of cluster 3 residues.  
 

 
 
 

 



 
 

 
Figure S15. Agglomerative clustering analysis of WT hB. (A) Dendrogram of all residues from WT hB. 
Allosteric clusters containing residues that are significantly correlated (i.e. with a correlation coefficient 
> 0.95) are highlighted (i.e. clusters 1-3 indicated in the dendrogram).  Residue numbers in red boxes 
indicate residues used for the pairwise correlation plots in Fig. 6E-H, including BBR residue R297. (B) 
Dendrogram of the agglomerative clustering of the four CHESCA perturbation states (i.e. apo, cGMP- 
and cGMP-analog-bound states) using residues from each of the three allosteric clusters in hB. (C) Map 
of the residues of the allosteric clusters defined within hB, shown as a surface representation. The 
residues from Fig. 6E-H are represented as pink sticks, and are not part of any of the allosteric clusters 
defined in hB.  
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