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Supplementary Figure S1: Linear view of RyR1 and RyR2 disease mutations.

Amino acid numbers are shown below. Vertical lines indicate disease mutations. There is still a clear
clustering of mutations in RyR2, but several mutations are increasingly found outside of the initially
proposed hot spots for RyR1. The RyR1 N-terminal ABC domains and the pore-forming region are

highlighted. The crystal structure of wild type RyR1ABC (PDB accession code 2XOA) is shown above.
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Supplementary Figure S2: RyR1ABC docking results for different cryo-EM maps

a) Comparison of docking results for RyR1ABC into two different closed RyR1 maps****(EMD1606 - dark
blue, EMD5014 - light blue) shows a near perfect superposition, indicating that the results for closed
maps are consistent, with near identical intersubunit arrangements. The result for docking into the 9.6A
map EMD1275" (red) shows increased intersubunit distances like in the open RyR1 map EMD1607
(Figure 1). Initially presumed to represent a closed state, it was later suggested that EMD1275 may
rather represent and open RyR1, or a mixture of different states™. The increased intersubunit distances
for docking in EMD1275 would support this assumption. b) Close-up view with arrows indicating the
shifts the models undergo from EMD1606 to EMD1275.
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Supplementary Figure S3: Thermal melt analysis

Melting curves for wild-type RyR1ABC and nine different disease mutants using thermofluor
experiments. The curves are the average of four measurements. The melting temperatures are defined
as the midpoints of each transition. The average melting temperatures and corresponding errors are
shown in Figure 3.
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Supplementary Figure S4: Circular dichroism

The CD spectra for wild type and G216E RyR1ABC are very similar, suggesting that the disease mutation
does not lead to changes in overall secondary structure content. This suggests that the inability of G216E
to crystallize is likely due to relative domain movements or a generally increased flexibility of the
domains relative to one another.
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Supplementary Figure S5: Electron density maps for disease mutants

Stereo views of weighted 2FoFc electron density maps, contoured at 1o cut-off, for the various mutant
structures around the mutation sites and for RyR1BC at an arbitrary site, in the order as they appear in
the manuscript. a) G249R (PDB ID: 411E) b) L14R (PDB ID: 4171) ¢) R45C (PDB ID: 4161) d) D61N (PDB ID:
413N) e) R402G (PDB ID: 4137) f) C36R (PDB ID: 410Y) g) V219! (PDB ID: 418M) h) 1404M (PDB ID: 4125) i)
RyR1BC (PDB ID: 4196)
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Supplementary Figure S6: Domain reorientations are not due to pH differences

RyR1ABC wild-type structures crystallized at pH8.0 (white), pH9.0 (cream), and pH9.5 (orange) are
superposed, based on domain A. The positions of domains B and C relative to domain A are unchanged,
indicating that the changes observed for the disease mutants are not due to pH differences in the
crystallization conditions.
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Supplementary Figure S7: The clamping action of domain A

Superposition of domains B of the RyR1BC and RyR1ABC crystal structures, showing the relative

conformational changes of domain C (arrow). Gray: RyR1BC (PDB ID: 4196). Colors: RyR1ABC domains A
(blue), B (green), and C (red).
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Supplementary Figure S8: Isothermal Titration Calorimetry
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a) Titration of 1.63 mM FKBP12 into 163uM RyR1ABC. b) Titration of 2.65mM RyR1A into 265uM
RyR1BC. In both cases, the top graph shows the background titration of the titrant into buffer, the

middle graph shows the titrant into RyR1ABC or RyR1BC, and the bottom graph shows the integrated

energies per mole of titrant for the middle graph. In both cases, the titrations are not significantly

different from the background titrations, indicating that any trend line is due to dilution of the titrant.

For the RyR1A — RyR1BC titration, the titrations would report on both the intrasubunit interactions

(interfaces observed in the crystal structure), and on the proposed intersubunit interaction involving

domains A and B. However, neither of the two interactions can be detected in solution, showing that

both only arise in the context of full-length channels, where the effective concentration can be in the

molar range.
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Supplementary Table S1: Summary of functional characterizations of the mutants studied.

Mutation

Disease
phenotype(s)

Primary
identification
references

Functional characterizations

Functional
studies
references

L14R

MH

61

Abnormally enhanced Ca**-
induced Ca** release.

61

C36R

MH

62

Increased sensitivity to muscle
contracture by caffeine.

Increased sensitivities activation
by caffeine and halothane.

62

63

64

R45C

MH

65

Increased sensitivity to muscle
contracture by caffeine.

65

D61N

MH/CCD

66

67

Assumed increased sensitivity of
contraction to halothane, due to
MH phenotype

G216E

MH/CCD/MmD

68

69

Assumed increased sensitivity of
contraction to halothane, due to
MH phenotype

V219l

MH

61

Clearly enhanced Ca**-induced
Ca” release.

61

G249R

MH

70

Increased sensitivities activation
by caffeine and halothane.

Increased sensitivities to
activation by 4-CmC and Ca*".
Decreased sensitivity to
inactivation by Mg**.

63

64

71

R402G

MH

66

Assumed increased sensitivity of
contraction to halothane, due to
MH phenotype

1404M

MH/CCD

72

Increased sensitivities activation
by caffeine and halothane.

Increased sensitivity to activation
by depolarization.

63

64

73

Summary of functional characterizations of the mutants studied in this report, along with references for

identification and characterization. All the mutants are associated with malignant hyperthermia (MH),

which is known to cause gain-of-function phenotype in RyR1. Residue numbering is for rabbit RyR1. CCD

= central core disease. MmD = multi-minicore disease.
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