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ORIGINAL RESEARCH

Novel RyR2 Mutation (G3118R) Is 
Associated With Autosomal Recessive 
Ventricular Fibrillation and Sudden Death: 
Clinical, Functional, and Computational 
Analysis
Ayelet Shauer , MD; Oded Shor, PhD; Jinhong Wei, PhD; Yair Elitzur , MD; Nataly Kucherenko, MSc;  
Ruiwu Wang, PhD; S. R. Wayne Chen, PhD; Yulia Einav , PhD*; David Luria, MD*

BACKGROUND: The cardiac ryanodine receptor type 2 (RyR2) is a large homotetramer, located in the sarcoplasmic reticulum 
(SR), which releases Ca2+ from the SR during systole. The molecular mechanism underlying Ca2+ sensing and gating of 
the RyR2 channel in health and disease is only partially elucidated. Catecholaminergic Polymorphic Ventricular Tachycardia 
(CPVT1) is the most prevalent syndrome caused by RyR2 mutations.

METHODS AND RESULTS: This study involves investigation of a family with 4 cases of ventricular fibrillation and sudden death and 
physiological tests in HEK 293 cells and normal mode analysis (NMA) computation. We found 4 clinically affected members 
who were homozygous for a novel RyR2 mutation, G3118R, whereas their heterozygous relatives are asymptomatic. G3118R 
is located in the periphery of the protein, far from the mutation hotspot regions. HEK293 cells harboring G3118R mutation 
inhibited Ca2+ release in response to increasing doses of caffeine, but decreased the termination threshold for store-overload-
induced Ca2+ release, thus increasing the fractional Ca2+ release in response to increasing extracellular Ca2+. NMA showed 
that G3118 affects RyR2 tetramer in a dose-dependent manner, whereas in the model of homozygous mutant RyR2, the high-
est entropic values are assigned to the pore and the central regions of the protein.

CONCLUSIONS: RyR2 G3118R is related to ventricular fibrillation and sudden death in recessive mode of inheritance and has an 
effect of gain of function on the protein. Despite a peripheral location, it has an allosteric effect on the stability of central and 
pore regions in a dose-effect manner.
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The cardiac ryanodine receptor type 2 (RyR2) 
is a large homotetramer, highly conserved ion 
channel that releases Ca2+ from the sarcoplas-

mic reticulum into the cytoplasm, which is needed for 
muscle contraction.1,2 In 2001, dominant mutations 
in this protein were found to be related to catechol-
aminergic polymorphic ventricular tachycardia 1, a 
syndrome characterized by polymorphic ventricular 

tachycardia triggered by exertion or emotional stress.2 
In recent years, the spectrum of the disease associ-
ated with RyR2 mutations was markedly enlarged.3 
Disease-causing RyR2 variants are clustered into 4 
regions in the protein’s linear sequence.1,3 These are 
the N-terminal region, which forms the gating ring at 
the cytosolic side, the pore region, and other trans-
membrane-forming regions, including the C-terminal 
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domain. Most of the disease causing RyR2 mutations 
cause gain of function of the channel, by which Ca2+ 
release is enhanced during diastole, causing delayed 
afterdepolarizations and arrhythmias. Up until now, 
only autosomal dominant inheritance of the pheno-
types caused by these mutations was described.

In this study, we describe a novel missense muta-
tion, G3118R, in the RyR2 protein, which was found in 
members of a large family from a village near Jerusalem, 
Israel presenting with sudden death and documented 
ventricular fibrillation. Interestingly, the location of this 
mutation is within the far cytosolic region of the protein. 
The clinically affected individuals are homozygous for the 
mutation, whereas the heterozygous family members 
are asymptomatic. This unusual clinical scenario had 
prompted us to perform in vitro functional studies to de-
termine the effect of the mutation on the protein function 
as well as computational analysis to simulate the dose 
effect of the mutation on RyR2 protein stability.

METHODS
The data that support the findings of this study will be 
made available by the corresponding author to any re-
searcher upon reasonable request.

Clinical Evaluation
Clinical assessments of the affected individuals and 
first-degree relatives included resting ECGs, stress 
tests, 24-hour Holters, and echocardiography. 
Historical data were collected during clinic visits, and a 
5-generation family tree was created to relate the fami-
lies from 2 nearby villages.

Genetic Testing
Informed consent was obtained from the family in 
accordance with the Declaration of Helsinki as ap-
proved by our local institutional review board. Exonic 
sequences from DNA of proband IV2 (Figure  1A) 
were enriched with the SureSelect Human All Exon 
50  Mb V5 Kit (Agilent Technologies, Santa Clara, 
CA). Sequences were generated on a HiSeq2500 
(Illumina, San Diego, CA) as 125-bp paired-end 
runs. Read alignment and variant calling were per-
formed with DNAnexus (Palo Alto, CA) by using de-
fault parameters with the human genome assembly 
hg19 (GRCh37) as reference. Exome analysis of the 
proband yielded a mean coverage of 96×. For the 
family members, amplicons containing the RyR2 vari-
ant were amplified by conventional polymerase chain 
reaction of genomic DNA, and analyzed by Sanger 
dideoxy nucleotide sequencing.

Two-point logarithm of the odds–score analysis was 
performed using the Technion developed Superlink 
web-based linkage analysis software (http://cbl-link02.
cs.techn​ion.ac.il/super​linka​ttech​nion/) under the fol-
lowing assumption: recessive mode of inheritance 
with a minor allele frequency of 0.00001 and 100% 
penetrance.

Construction of the RyR2-G3118R 
Mutation
The G3118R point mutation in the mouse RyR2 was 
generated by using the overlap extension method 
with polymerase chain reaction.4,5 Briefly, a BsiwI/AfeI 
fragment containing the G3118R mutation was gener-
ated by overlapping polymerase chain reaction. This 
fragment was then used to replace the corresponding 
wild-type (WT) fragment in the BsiwI/NotI construct 
in pBluescript. The BsiwI/NotI construct containing 
G3118R was then subcloned to the full-length RyR2 in 
pcDNA5/FRT/TO using BsiWI and NotI. The mutation 
G3118R was confirmed by DNA sequencing.

Generation of Stable Inducible HEK293 
Cell Lines and Cell Culture
Stable inducible HEK293 cell lines expressing RyR2 
WT or the G3118R mutant were generated using the 
Flp-In T-REx Core Kit from Invitrogen (Carlsbad, CA) as 
previously described.6,7

CLINICAL PERSPECTIVE

What Is New?
•	 The RyR2 novel mutation G3118R is related to 

stress-induced autosomal recessive ventricular 
fibrillation and sudden death.

•	 Despite a remote location, this mutation has a 
dose-dependent allosteric effect on the pore 
and central region of the protein complex.

What Are the Clinical Implications?
•	 The phenotype is life threatening in homozygotes; 

thus, carriers should be considered at low risk.
•	 Prenatal evaluation in heterozygous couples is 

recommended.
•	 Normal mode analysis may serve as a novel 

platform for the evaluation of mutations patho-
genicity, in particular in large protein complexes 
such as RyR2, whereas other computational 
methods could be challenging to apply.

Nonstandard Abbreviations and Acronyms

NMA	 normal mode analysis
RyR2	 ryanodine receptor type 2
SOICR	 store-overload-induced Ca2+ release

http://cbl-link02.cs.technion.ac.il/superlinkattechnion/
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[3H]Ryanodine Binding
[3H]Ryanodine binding to cell lysates prepared 
from HEK293 cells expressing the RyR2 WT or the 
RyR2-G3118R mutant was carried out as previously 
described.8

Caffeine-Induced Ca2+ Release in HEK293 
Cells
The free cytosolic Ca2+ concentration in transfected 
HEK293 cells was measured using the fluorescence 
Ca2+ indicator dye Fluo-3 (Molecular Probes, Eugene, 
OR) as previously described.7,9

Single-Cell Luminal Ca2+ Imaging of 
HEK293 Cells
Luminal Ca2+ levels in HEK293 cells expressing RyR2-WT 
or G3118R were measured using single-cell Ca2+ imag-
ing and the Förster resonance energy transfer–based 

endoplasmic reticulum (ER) luminal Ca2+-sensitive 
cameleon protein D1ER as described previously.10

Statistical Analysis
All values shown are mean±SEM unless indicated oth-
erwise. To test for differences between groups, we 
used the Student t test (2-tailed) or 1-way ANOVA with 
a Dunnett’s post hoc test. A P<0.05 was considered to 
be statistically significant.

Simulation of the Effect of Increasing 
Number of Affected RyR2 Monomers on 
the Protein Stability
To determine the protein mutation location within the 
three-dimensional structure of the RyR2 protein, we used 
the tetrameric structure of the porcine RyR2 in the open 
and closed state, solved by cryo-electron microscopy 
at 0.42 nm resolution recently published by Peng et al.11 

Figure 1.  Family pedigree and clinical expression of G3118R mutation.
A, Family pedigree. B, Exercise-induced ventricular bigeminy and bidirectional couplet of patient IV1. aVR, augmented Vector Right; aVL, 
augmented Vector Left; and aVF, augmented Vector Foot. C, Initiation of VF of patient IV13. D, Chromatograms of homozygous patient 
IV13 (left) showing adenine replacing guanine in position 237863752 of chromosome 1 in both alleles (arrow) and her heterozygous father 
(right). E, RyR2 three-dimensional reconstruction, with G3118R amino acid region circled. PVCs, premature ventricular contractions; 
VF, ventricular fibrillation; and VT, ventricular tachycardia.
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In the porcine protein, glycine residue in position 3119 is 
equivalent to the human 3118 residue. To assess the ef-
fect of G3118R mutation on the stability and the flexibility 
of the RyR2 protein, we performed a coarse-grained nor-
mal mode (NMA) analysis on the complete tetramer RyR2 
structure. To model the recessive mode of inheritance of 
our novel mutation, we generated 5 different RyR2 struc-
tures, starting from WT and proceeding to the tetramer 
bearing 1 to 4 mutated monomers. Each structure was 
based on the open state of the RyR2 receptor (Protein 
Data Bank accession number 5GOA),11 and it generated 
a series of normal modes on which entropic differences 
calculations on C-alpha atoms were performed accord-
ing to the ENCoM coarse-grained NMA method.12 Course 
graining included calculations on each eighth residue; 

comparison with each fourth and each second residue 
for several experiments yielded similar mutant differences. 
The pore region of the tetramer is defined as 4486 to 4968, 
central region as 3613 to 4207, and N-terminal domain re-
gion as 1 to 642. To cover the large domain between the 
N-terminal domain and the central region, the calculations 
were also applied on the 643 to 2110 residues.

RESULTS
Family Investigation
Between 2007 and 2017, 4 cases of cardiac arrest 
in young individuals were identified in a large family 

Figure 1.  (Continued)
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from a village near Jerusalem, Israel (Figure 1A), out 
of which 3 survived the event. One out of 4 resulted 
in the death of a 16-year-old girl while she was on a 
giant wheel in an amusement park (Figure 1A, patient 
IV7). The other three were aborted cardiac arrest 
cases. The clinical scenarios were of an 18-year-
old man while helping friends to push a car (patient 
IV11), his 13-year-old sister immediately upon hear-
ing about her brother’s cardiac arrest (patient IV13), 
and a 17-year-old girl who had cardiac arrest while 
descending from a school bus (patient IV2) and was 
shocked by an automatic external defibrillator, which 
documented ventricular fibrillation. All survivors re-
ceived an implantable cardiac defibrillator, and ther-
apy with a beta blocker, metoprolol, was initiated. 
Resting ECG and echocardiography were normal in 
all clinically affected members; however, their exer-
tional stress test demonstrated ventricular arrhythmia 

in the form of ventricular bigeminy and bidirectional 
couplets, which appeared at a rate of ≈100 beats per 
minute, increasing in frequency with increasing heart 
rate (Figure 1B).

In a cascade family clinical investigation, we iden-
tified 2 other siblings (patients IV4 and IV15) who had 
multifocal premature ventricular contractions and bi-
directional couplets during stress tests. The parents 
of the affected individuals were asymptomatic, had 
normal baseline ECGs, echocardiography, and 24-
hour Holters. The father of patient IV3 had ventricular 
bigeminy and a single bidirectional couplet during his 
exertional stress test . Other parents’ exertional stress 
tests were unremarkable.

During 9  years of follow up, patient IV13 had a 
breakthrough episode of ventricular fibrillation that 
terminated with shocks from her implantable car-
diac defibrillator (Figure 1C). At this point, the dose of 

Figure 1.  (Continued)
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metoprolol was increased, after which no further ven-
tricular fibrillation episodes occurred. This patient had 
atrial fibrillation episodes as well.

Genetic Analysis
Genetic analysis was performed for the clinically af-
fected individuals and their family members. The clini-
cally affected members were found homozygous for 
a missense mutation in exon 65 of the RyR2 gene, in 
which guanine was substituted for adenine at the base 
position 237863752 of the coding sequence (Chr1: 
237863752G>A -Hg19-) (Figure 1D). As a result of the 
mutation, glycine to arginine substitution occurred in 
residue 3118 of the RyR2 protein (p.G3118R_RyR2, 
NP_001026.2). The G3118 residue is conserved among 
species. The variant allele frequency is 0.00004293 
according to the Genome Aggregation Database, and 
it is classified as a variant of unknown significance ac-
cording to the American College of Medical Genetics 
and Genomics, and the Association for Molecular 
Pathology 2015 guidelines.13 The heterozygous par-
ents and siblings were asymptomatic, although one 
parent exhibited rare but typical arrhythmia. The 
2-point logarithm of the odds score for this family was 
2.2476.

Residue G3118 is located within the cytosolic com-
ponent of the RyR2 protein, far from areas where fre-
quent cluster mutations were described (Figure  1E). 
Thus, we undertook studies in vitro to investigate the 
effect of this mutation on the protein function.

Functional Analysis of G3118R
[3H]ryanodine Binding

The effect of G3118R on cytosolic Ca2+ activation of 
RyR2 was investigated by the Ca2+-dependent activa-
tion of [3H]Ryanodine binding in WT and the mutant. 
The results showed no difference between WT and the 
G3118 (Figure 2).

Caffeine Assay

Changes in intracellular Ca2+ levels in response to in-
cremental application of caffeine were compared be-
tween the 3 cell lines by measuring peak fluorescence 
amplitudes after each increment normalized to the 
peak amplitude for maximal Ca2+ release induced in 
each experiment (wt n=7, G3118R n=9 and RyR2-WT/
G3118R [n=7]). As shown in Figure  3, the level of 
Ca2+ release in HEK293 cells transfected with both 
RyR2-WT and RyR2-G3118R increased progressively 
with each consecutive addition of caffeine and then 
decreased with further additions of caffeine. HEK293 
cells harboring G3118R mutation showed a slightly 
suppressed Ca2+ release response to caffeine com-
pared to WT/G3118R and to RyR2-WT (Figure 3D).

Effect of G3118R Mutation on Store-Overload-
Induced Ca2+ Release

The effect of G3118 on the store-overload-induced Ca2+ 
oscillations or Ca2+ waves, a well described property 
of the RyR2 channel,14 were studied. ER Ca2+ dynam-
ics were monitored using a Förster resonance energy 
transfer–based ER luminal Ca2+-sensing protein D1ER. 
Increasing extracellular Ca2+ from 0 to 2  mmol/L in-
duced spontaneous ER Ca2+ oscillations in RyR2 
WT-expressing HEK-293 cells (Figure  4, shown as 
downward deflections of the Förster resonance energy 
transfer signal). Store-overload-induced Ca2+ release 
(SOICR) occurred when the ER luminal Ca2+ reached 
the SOICR activation threshold, (Fact) and terminated 
when the ER luminal Ca2+ decreased to the SOICR ter-
mination threshold, (Fterm). The activation and termination 
thresholds were calculated as described in Figure 4A. 
Fractional Ca2+ release (activation threshold–termination 
threshold) represents the fraction of Ca2+ release during 
SOICR. The termination threshold for Ca2+ release is sig-
nificantly reduced in G3118R-expressing HEK-293 cells, 
which resulted in a higher fractional Ca2+ release than 
G3118R (Figure 4D and 4E). These results are consistent 
with gain of function of the mutated channel.

Structural Analysis of the RyR2 Protein

To assess the effect of G3118R mutation on the stabil-
ity and the flexibility of RyR2 protein we performed a 

Figure 2.  Effect of the RyR2-G3118R mutation on the Ca2+ 
dependence of [3H]ryanodine binding.
[3H]ryanodine binding to whole-cell lysates prepared from 
HEK293 cells transfected with the RyR2-WT or the RyR2-G3118R 
mutant cDNA was performed using various Ca2+ concentrations, 
500 mmol/L KCl, and 5 nmol/L [3H]ryanodine. The amounts of [3H]
ryanodine bound at different Ca2+ concentrations were normalized 
to the maximal binding. Data were analyzed using the Student t test 
(2-tailed) and expressed as mean±SEM (n=3). WT, wild-type.



J Am Heart Assoc. 2021;10:e017128. DOI: 10.1161/JAHA.120.017128� 7

Shauer et al� RyR2 Mutation and Autosomal Recessive Sudden Death

coarse-grained NMA on the complete tetramer RyR2 
structure, based on a published structure of the por-
cine RyR2.11 To model the recessive mode of inher-
itance of G3118R novel mutation, 5 different RyR2 
structures were generated, starting from WT and pro-
ceeding to the tetramer bearing 1 to 4 mutated mono-
mers. G3118R mutation affects the protein structure 
in a dose-dependent manner (Figure 5). In the most 

critical pore region, mutation in only one monomer 
suffices to change the protein flexibility from the WT 
values, and this effect was found for each of the addi-
tional mutations up to 4 mutated monomers (P<0.01 
for each addition, Figure  5A). Slightly less dramatic 
effect is seen in the broader central region, in which 
statistical significance has been shown to be between 
1 to 3, 2 to 4, and 1 to 4 mutated monomers (P<0.01 

Figure 3.  Effect of RyR2-G3118R on caffeine-induced Ca2+ release.
HEK293 cells were transfected with RyR2 WT (A) or G3118R (B), or cotransfected with RyR2-WT and 
G3118R (C). The fluorescence intensity of the fluo-3-loaded transfected cells was monitored continuously 
before and after each caffeine addition. The amplitude of each caffeine peak was normalized to that of 
the maximum peak for each experiment. D, The relationships between caffeine-induced Ca2+ release 
and cumulative caffeine concentrations in HEK293 cells transfected with RyR2-WT or G3118R, or 
cotransfected with RyR2-WT/G3118R. Data were calculated using 1-way ANOVA with a Dunnett’s post 
hoc test, expressed as mean±SEM from RyR2 WT (n=7), G3118R (n=9), and RyR2-WT/G3118R (n=7). 
(*P<0.05, **P<0.01, ##P<0.01, vs WT). WT, wild-type.
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for each, Figure 5B), suggesting that 2 additional mu-
tations are needed for the significant difference in the 
protein entropy values. In more peripheral domains of 

the tetramer, RyR2 bearing 1 mutation is significantly 
different from RyR2 bearing 4 (P<0.01, Figure 5C and 
5D). These results indicate that G3118R mutation 

Figure 4.  The RyR2-G3118R mutation impairs the termination of Ca2+ release.
Stable, inducible HEK293 cell lines expressing RyR2 WT and G3118R were transfected with the FRET-
based endoplasmic reticulum luminal Ca2+-sensing protein D1ER and induced using tetracycline. FRET 
recordings from representative RyR2-WT (A) and G3118R (B) expressing cells are shown. FSOICR indicates 
the FRET level at which SOICR occurs, and Ftermi represents the FRET level at which SOICR terminates. 
The maximum FRET signal Fmax is defined as the FRET level after tetracaine treatment. The minimum 
FRET signal Fmin is defined as the FRET level after caffeine treatment. C and D, The activation and 
termination thresholds were determined as shown in (A). E, The fractional Ca2+ release is defined as 
activation threshold–termination threshold. F, The store capacity was calculated by subtracting Fmin from 
Fmax. Data were analyzed using the Student t test (2-tailed) and expressed as mean±SEM from RyR2-
WT (n=5) and G3118R (n=4). (**P<0.01, vs WT). FRET, Förster resonance energy transfer; SOICR, store-
overload-induced Ca2+ release; and WT, wild-type.
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affects the protein flexibility in an allosteric and dose-
dependent manner. Visualization of the mutant te-
tramer is shown in Figure 6. The pore and the central 
region present high entropic values due to the G3118 
mutation in a model of homozygous state of all four 
monomers bearing the G3118R substitution. These 
data indicate that the novel G3118R mutation in the 
RyR2 channel has a significant effect on the protein 
structure, which accumulates in a dose-dependent 
manner. Despite the peripheral location of the muta-
tion, its structural impact is allosteric, affecting mostly 
the central and the crucial part of RyR2 tetramer, the 
Ca2+ pore.

DISCUSSION
In the present study we report for the first time the 
clinical phenotypes and cellular physiology associ-
ated with the novel RyR2-G3118R mutation in a large 
family, with 4 members who presented with sudden 
death, ventricular and atrial fibrillation, and 2 more with 
exercise-induced polymorphic premature ventricular 
contractions and bidirectional ventricular couplets. 
Interestingly, and unlike other RyR2 disease-causing 

mutations, all of the clinically affected members are 
homozygous for the mutation, whereas the heterozy-
gous members are asymptomatic. This may indicate 
that the effect of this mutation on the channel func-
tion is milder than other mutations’ and requires that 
all 4 monomers of RyR2 tetramer are mutated. The 
structural analysis of the mutant RyR2 model sup-
ports this assumption.

More than 170 RyR2 disease-causing mutations 
have been published.15 These are mostly clustered 
into 4 regions in the protein sequence,1 and typically 
cause gain of function of the protein by diastolic Ca2+ 
leakage from the sarcoplasmic reticulum, which leads 
to cytosolic Ca2+ overload, driving the membranous 
sodium–calcium exchanger, NCX, and creating de-
layed afterdepolarizations, triggered activity, and ven-
tricular arrhythmias.1 Several mechanisms have been 
proposed to underlie the gain of function effect of 
catecholaminergic polymorphic ventricular tachycar-
dia 1–related mutations. These include a decrease of 
the channel affinity to the accessory protein FKBP1B, 
a protein that stabilizes the closed state of the chan-
nel, thus increasing RyR2 sensitivity to cytosolic Ca2+ 
after protein kinase A phosphorylation16,17 modifica-
tion of SOICR, so that the channel opens at a reduced 

Figure 5.  Mean entropy difference of G3118R mutants.
The effect of 1 to 4 G3118R mutated monomers on protein flexibility is shown. The values are presented as 
mutant-WT on the ordinate. The number of mutated monomers is shown on the abscissa. The differences 
in the pore region (A), central region (B), NTD region (C), and region of 643 to 2110 (D) are shown. NTD, 
N-terminal domain; and WT, wild-type.
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level of luminal Ca2+14,18 and profound disruption in the 
three-dimensional conformation of RyR2,19 such as 
domain unzipping or reduced stickiness of RyR2 do-
mains, which enhances Ca2+ sensitivity, thus facilitat-
ing spontaneous Ca2+ release.20,21 The mechanism by 
which G3118R mutation affects the protein function 
might be different, because it is located outside cluster 
mutations regions. G3118R mutation mildly inhibited 
Ca2+ release in response to the administration of in-
creasing doses of caffeine, a known agonist of RyR2, 
in HEK293 cells, but decreased Ca2+ SOICR termi-
nation threshold, thus increasing the fractional Ca2+ 
release in response to increasing extracellular Ca2+. 
Ca2+ release termination threshold was previously 
described to be modulated by calmodulin binding to 
RyR2,22 and by one of NH2-terminal domains,23 but 
is probably not relevant to G3118R, which is located 
outside the calmodulin binding domains. The slightly 
suppressed caffeine response might be due to the 
delayed termination of Ca2+ release, so that the maxi-
mum peak of caffeine-induced Ca2+ release is shifted 
to the right or requires higher caffeine concentration.

To better understand the effect of this mutation on 
protein structure and function, we studied the changes 

in the stability and flexibility of RyR2 by using the NMA 
computational model. Flexibility is important to protein 
function; it has been described to be involved in pro-
tein folding and allosteric interactions.24–27 The NMA 
method can be used to sample the ensemble of ac-
cessible conformations of a given protein, which re-
sults from its flexibility.12,28 Thus, it would be a method 
of choice, especially when applied to large protein 
complexes, such as RyR2. The use of coarse-graining, 
based on the protein structure solved by cryo-electron 
microscopy at a resolution of 0.42 nm is also accept-
able, because vibrational protein modes usually have 
a highly collective characteristics.29 Inserting G3118R 
into an increasing number of the protein monomers has 
demonstrated that this peripheral mutation, located in 
a region whose function is unknown, causes a major 
allosteric effect on the pore and the central regions, 
and that this effect accumulates in a dose-dependent 
manner. The structural model and calculations sup-
port the recessive mode of inheritance of the novel 
G3118R mutation, suggesting a structural mechanism 
of cumulative effect. In this study, we limited ourselves 
to describing structural differences between pro-
tein mutants. In the future we aim to focus on protein 

Figure 6.  Structural flexibility of G3118R mutant showing the effect of 4 mutated monomers on 
protein flexibility based on entropic calculations.
The four monomers are shown in different colors (pale green, light blue, dark blue, white). G3118R 
mutation location is shown as a red dot pointed at with a red arrow. Residues of the pore region with 
highest entropic values are colored pink, and residues of the central region with highest entropic values 
are colored yellow. The numbering is according to the human protein.
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dynamics and larger rearrangements, such as opening 
and closing the Ca2+ channel. For this purpose, addi-
tional methods, such as NMA combined with elastic 
networks30–32 or molecular dynamics–based compu-
tational electrophysiology,33,34 may be required.

CONCLUSIONS
RyR2 G3118R is a novel mutation located far from the 
known cluster mutation regions. It is related to sudden 
cardiac death and atrial and ventricular fibrillation, and 
the clinical expression is evident only in homozygotes. 
The mutation causes gain of function of the protein 
by reducing the Ca2+-dependent termination of Ca2+ 
release, thus increasing the fraction of Ca2+ released 
from the sarcoplasmic reticulum. Computational 
analysis of the stability and the flexibility of RyR2 pro-
tein demonstrates a major allosteric effect of G3118R 
mutation on the pore region, which accumulates in a 
dose-dependent manner.
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