




Figure 6. Effects of replacing A477 with bulky amino acid residues
(a) A space-filled model of the A477L mutation (green) with 1-EBIO in the binding pocket.
The Ala residue at position 477 is changed to Leu based on the structure data using Pymol.
Introduction of such a bulky amino acid residue may interfere with the interaction of 1-
EBIO and its binding pocket. (b) A space-filled model of the A477I mutation (green) with
NS309 in the binding pocket. NS309 is docked to the binding pocket using MD modeling
from the structure of the 1-EBIO-bound CaM-CaMBD2-a complex. The A477I change is
then made using Pymol. (c) Responses of the A477I mutant, from an inside-out patch, to
sequential applications of solutions containing (1) 0 Ca2+, (2) 200 nM Ca2+, (3) 3 μM
NS309 with 200 nM Ca2+, and (4) 0 Ca2+ (as indicated). The current amplitudes were
measured at −90 mV. (d) Dose-response curves for potentiation by NS309 of the SK2
channel activities from WT (n = 3), A477V/L480M (n = 4) and A477I (n = 3). 200 nM Ca2+

was present in all NS309 solutions. On average, the A477V/L480M mutation shifts the
NS309 dose-response curve to the left by 3.4-fold, while the A477I mutation results in a 5-
fold shift of the NS309 dose-response curve to the right. All data are mean ± s.e.m.
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Figure 7. Responses of the A477V/L480M mutation to application of CyPPA
(a) A space-filled model of CyPPA docked into the binding pocket. Molecular docking and
MD simulation were performed to dock CyPPA into the PHU binding pocket based on the
structure of PHU in the CaM-CaMBD2-a complex. (b) A space-filled model of CyPPA
docked into the binding pocket with the A477V/L480M mutation (green). Molecular
docking and MD simulations were performed to introduce the A477V/L480M mutation and
then docking of CyPPA. Note that the A477V/L480M mutation is predicted to force CyPPA
to adopt a different conformation in the pocket. (c) The A477V/L480M mutation on the
effect of CyPPA. Responses of the A477V/L480M mutant, from an inside-out patch, to
sequential application of solutions containing (1) 0 Ca2+, (2) 200 nM Ca2+, (3) 100 μM
CyPPA with 200 nM Ca2+, (4) 10 μM NS309 with 200 nM Ca2+ and (5) 0 Ca2+. The current
amplitudes were measured at −90 mV. Note that CyPPA, at 100 μM, barely potentiates the
mutant channel activity. (d) Responses of SK2 channels, WT (n = 6), V418T (n = 3) and
A477V/L480M (n = 5), to increasing concentrations of CyPPA. 200 nM Ca2+ was present in
all CyPPA solutions. Note that there is little response from the A477V/L480M mutant at the
CyPPA concentration range tested. All data are mean ± s.e.m.
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Table 1

Crystallographic statistics

Data Collectiona

CaM-CaMBD2-a Complex with phenylurea CaM-CaMBD2-a Complex with 1-EBIO

Space Group
Unit Cell Dimensions

C2
a=76.5 Å, b=66.9 Å, c=65.1 Å α=90.0°,

β=93.3°, γ=90.0°

C2
a=77.0 Å, b=66.7 Å, c=64.9 Å α=90.0° β

=94.0°, γ=90.0°

Wavelength (Å) 1.12 1.12

Resolution range (Å) 50–1.65 (1.69–1.65) 25–1.63 (1.67–1.63)

Completeness (%) 99.5 (99.7) 99.2 (99.5)

Total Observations 197,980 (14,626) 200,171 (15,060)

Unique Observations 39,245 (2,902) 40,567 (2,989)

Mean Redundancy 5.0 (5.0) 4.9 (5.0)

Mean I/σ(I) 22.5 (2.3) 12.3 (2.2)

Rmerge
b 0.035 (0.645) 0.063 (0.595)

Rpim
c 0.017 (0.319) 0.031 (0.288)

Model Refinementa

Resolution Range (Å) 50–1.65 (1.69–1.65) 50–1.63 (1.67–1.63)

Number of reflections 39,243 (2,804) 40,565 (2,886)

Rwork
d 0.191 (0.294) 0.192 (0.265)

Rfree
d 0.228 (0.341) 0.227 (0.304)

Number of atoms/Average B-factor (Å2) 2,310/37.9 2,354/34.6

 protein 2,069/37.2 2,069/33.5

 calcium ions 2/38.8 2/36.1

 solvent waters 208/42.0 250/41.1

 SK channel modulator 10/36.4 12/45.0

Phi/Psi angles most favored(%)/outliers(#) 98.7/0 98.3/0

r.m.s.d. bond angles (°) 1.264 1.258

r.m.s.d. bond lengths (Å) 0.011 0.011

a
Values in parentheses refer to data in the highest resolution shell.

b
Rmerge = ΣhklΣj | Ij − 〈I〉 | /ΣhklΣj Ij. 〈I〉 is the mean intensity of j observations of reflection hkl and its symmetry equivalents.

c
Rpim (precision-indicating merge) = Σhkl (1/nhkl − 1)1/2 Σj | Ij − 〈I〉 | /ΣhklΣj Ij. n is the number of observations of reflection hkl.

d
Rcryst = Σhkl | Fobs − kFcalc | /Σhkl | Fobs |. Rfree = Rcryst for 5% of reflections excluded from crystallographic refinement.
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