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Figure S1. Binding isotherms and computed dissociation constants of cGMP, Rp-cGMPS and Sp-cGMPS
for pfD WT and R484A. (A) >’N-'H 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-
G (i.e. <v>) versus the concentration of unbound Rp-cG (i.e. [Rp-cGltree). <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.
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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-cGltree). <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.
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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.
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Figure S4. Spectral comparisons of homologous residues in WT pfD and hB. Overlay of *>’N-'H HSQC
spectra of apo (black), Rp-cGMPS-bound (red), Sp-cGMPS-bound (purple) and cGMP-bound (green)
zoomed into 1458 of pfD (A) and its homologous residue in hB, 1276 (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.
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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 a.B-a.C region of the four states in Fig. 1H. If the SM value is
close to 1, the aB-oa.C helices approach the “in” conformation (holo/active), while an SM value of -1
captures the “out” conformation (apo/inactive).
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Figure S6. Chemical Shift Projection Analysis (CHESPA) of hPKG CBD-B Y351A mutant. (A) Compounded
15N-!H chemical shift changes (ACCS) 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(6)
values versus residue number for cGMP-bound Y351A hB.
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Figure S7. Distances between the PBC and BBR/B2-3 loop, as computed from MD simulations of WT
hB and pfD. For each state, three 1-pus 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 B2-3 loop of hB (green) and pfD (red)(1). In the boxplots, the middle, bottom, and top lines
of the box define the median, 25" percentile and 75" percentile, respectively; the whiskers indicate
additional data falling within 1.5*IQR (where “IQR” is the interquartile range) above the 75" percentile
or below the 25 percentile; the small square represents the mean, and the two crosses represent the

1t and 99" percentiles of the data.



A PfPKGCBD-D

0 ACCS Rp-cGMP) (ppm

cos B

C-terminal helices
T

........ T T el o1 I‘32 T 03 T 4 s F.J —— I . [
05— —
° I
0.5 — l —
-1 | o QL bo couuk® ol skl |
400 420 440 460 480 500 520 540

Residue Number

D hPKG CBD-B

’é C-terminal helices
S T b o
S qpeertu e
—~ L R i
S os| 5 ) ]
z C Koo 9 B
v 06 L Apo  cGMP s % o i
o 041 9 S [lo —
< o2F §%, .7 i || . || .
8 0 »fl“||| | N "|I.|I cmnhs? [T [ ok il sl L I i
g 220 240 260 280 300 320 340 360
1
E wen en 1ol T o Tan Tl pee b ol [ T
aXe S AR L TR LA 3.8 niaP EONERR I ac
05— —
0 °
| M 1 M [ M l ]
-05 —
| | | | 1 | 1 1 1
220 240 260 280 300 320 340 360
ey I T I T I ! b e T .| i
ps! porn _
o 3.7 iiaP i hiaB aC
1 ) m 1 1 | 1 1 M !
220 240 260 280 300 320 340 360

Residue Number

Figure S8. The pfPKG BBR exhibits significant perturbations compared to the hPKG BBR. (A)
Compounded *N-'H chemical shift changes (ACCS) between cGMP-bound and Rp-cGMPS-bound pfPKG
CBD-D, plotted versus residue number. The red dashed line represents the average ACCS 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(0) values versus residue

number for Rp-cGMPS-bound pfD. (D-F) Similar to panels (A-C), respectively, but for hB.
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Figure S9. Backbone **N relaxation rates for cGMP-bound pfD. (A) R; relaxation rates. The black
diamonds represent simulated R, rates computed with HydroNMR(2). (B) Product of R, and R; relaxation
rates. (C) *H,>N 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.
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Figure S10. Reduced spectral densities for cGMP-bound pfD. (A) J(0) values, (B) J(®n) values, and (C)
J(on + on) values. Black horizontal lines denote the average values calculated for the rigid inner [3-
strands of the B-barrel, which are assumed to sense primarily the overall tumbling motion of the protein
in solution.
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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 Ca 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 logio 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).



R420 NH comb (ppm) >

R420 8NH comb (ppm) U

30.9

w W w
i
QLN W

309

- Apo -
[r)l>0.99

29.4 29.6 29.8
R473 6NH comb (ppm)

—|r |=0.95
LY

Apo —|

294

29.6

29.8

R473 8NH comb (ppm)

N428 SNH comb (ppm) R

N428 8NH comb (ppm) FT1

w
=
n

3145

“
S

31.35

3145

314

3135

- Sp [r,l>0.99 4

I ST S R

294 296 29.8
R473 8NH comb (ppm)

T T T 177
L Rp &

Apo |

ICG|m Sp |

29.4

29.6

29.8

R473 6NH comb (ppm)

g 32 e

Y Rp

= _

o]

v

% 315 -

© L <G g 5P |r|>0099 |

¢

B I R
292 294 296 298 30

R473 6NH comb (ppm)

2.5

(ppm) T

w
N

1431 SNH comb
bt
w

3]

29.2 294 296 29.8 30

R473 8NH comb (ppm)

Figure S12. Pairwise inter-residue correlation plots of the guanine-interacting BBR residue R473 with
residues in the N3A (R420, N428, 1431) in (A-C) WT pfD and (D-F) R484A pfD.
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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.



A Cluster 1 C Cluster 2 E Cluster 3

ALIALLDY MO
ALIAILDY MOT

ALIAILDY HOIH

ALIAILDY HOIH
ALIAILDY HOIH
ALIAILDY MO

8 ¥ ¥ 2 8 % 3 2 e o» >
£ a4 a © = L A o Q@ v T o
O @ T A o % A A O
% % < = o o
3 & 3 & z 2
wv wv
415
B D 77 F 464
430 486
411 [
459 312
514 439
413 4{
—i 499 518
470 457
461
480 504
434 1 | sos
522 492 I 487
{428 so8
41 476 — ' 515
| 412 ]
458
420
529 Ll 532
473
534
478
509
510 4‘
535

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. 6. 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.
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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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