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Abstract: Malignant hyperthermia (MH) is a pharmacogenetic disorder of skeletal muscle. RYR and CACN1AS 

mutations represent the aetiology in 70% of MHS population. Therefore, up to 25% of MH patients carry neither 

RYR1 nor CACN1AS variants. In this study, JSPR1, encoding JP-45, is the candidate gene to be sequenced to 

identify variants involved in MH susceptibility. The results revealed two novel variants in the coding region of 

JP-45. The frequency of the p.Gly150Ala novel variant, among MHS individuals, was 74%, while its frequency 

among normal population was 19%. In conclusion, JP-45 may functions as modifier protein in MHS in the UK. 
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1. Introduction 

 
In the year 1960, Malignant Hyperthermia 

(MH) was first described. This pharmacogenetic 

disorder of skeletal muscle is due to adverse 

reactions to routine general anaesthetics and 

depolarising muscle relaxants such as halothane 

and suxamethonium. Its main manifestations are 

muscle contractions and high temperature. Further 

studies indicate that triggering drugs used as 

inhalational anaesthetics and the muscle relaxant 

suxamethonium disrupt skeletal muscle calcium 

homeostasis, which causes uncontrolled skeletal 

muscle hypermetabolism
1
 and results in MH 

syndrome. MH is diagnosed in the laboratory by 

the in vitro contracture test. Briefly, a fresh muscle 

biopsy is needed to perform the test, so the 

procedure involves invasive surgery, making it 

inapplicable in young children. The procedure 

involves exposing the muscle biopsy to 

progressively higher concentrations of halothane or 

caffeine, specific thresholds being used to give a 

diagnosis of Malignant Hyperthermia Susceptible 

(MHS), Equivocal (MHE) or Normal (MHN)
2
. 

To date, there is no simple, non-invasive 

test for MH, and IVCT is considered to be the gold 

standard of MHS diagnosis. As IVCT is invasive, 

costly and performed only in specialized centers, 

researchers are seeking to develop a sensitive, 

convenient and less invasive test for the diagnosis 

of MH. One possibility is genetic testing, which is 

less invasive, cheaper and has lower morbidity than 

IVCT, as it requires only a small sample of blood 

rather than a muscle biopsy. 

While mutations in the RYR1 gene play a 

major role as causative genetic defects enhancing 

susceptibility to MH, several studies have 

suggested some potential candidate genes that may 

contribute to the pathophysiology of MH and 

susceptibility including triadin, calsequestrin, 

different, FKBP12, HRC and JP-45
3,4
. 

 

JP-45 is a novel skeletal muscle protein, 

interacts with the α1S and β subunit of the DHPR 

and with calsequestrin and co-localized with 

RYR1
5
. Therefore, JSPR1, encoding JP-45, is the 

candidate gene to be sequenced in this study to 

identify any variants involved in MH susceptibility 

(figure 1). 

 

 

 

Figure 1. A cartoon showing the location of JP-45, 

its co-localization with RYR and interactions with 

DHPR and calsequestrin.  



2. Materials and Methods 

 

2.1. Strategy for prioritising selection of 

candidate genes for sequencing 

  
The criteria for prioritising selection of 

candidate gene for sequencing include; the possible 

function of the protein encoded by the candidate 

gene and whether it might be involved (in-) directly 

in the pathophysiology of malignant hyperthermia; 

the interaction with the RYR1 and DHPR proteins; 

the molecular mass of the protein and the number 

of exons of the gene being selected, giving priority 

to the smallest i.e. most efficient because of time 

limitations in the scope of the PhD project. 

 
2.2. Samples and patient population 
 

This study examined fifty DNA samples 

collected from MHS patients who were referred to 

the Malignant Hyperthermia Unit, S
t 

James 

Hospital, University of Leeds. All patients were 

positive for IVCT and negative for all causative 

mutations in RyR1 and DHPR according to 

EMHG. 

 

 2.3. PCR Amplification 

 
Genomic DNA fragments of different 

exons of JP-45 were amplified by PCR in a 20 µl 

PCR reaction mixture. PCR reactions containing 

water instead of DNA were used with each PCR 

experiment as negative control. PCR was carried 

out using Thermoprime polymerase (Thermo 

Scientific) according to the manufacturer’s 

recommendations. Overlapping primers for SNP 

analysis were designed to amplify regions of 152-

592 bp to span exons, flanking introns sequences 

and 5' and 3' UTR regions using Primer3 software 

(Neff, Turk et al. 2002). Primers for exon 

amplification were ordered from Eurofins MWG. 

The PCR reactions were optimised to produce a 

PCR product without non-specific bands. Each 20 

µl PCR reaction comprised 1x PCR buffer, 0.2 mM 

of dNTPs, 1.5 mM of MgCl2, 20 pmol of each 

primer, 2.5 U of Thermoprime polymerase and 200 

ng genomic DNA from MHS patients, collected 

within the Malignant Hyperthermia Unit, Leeds 

Institute of Molecular Medicine. The amplification 

process was carried out using 2700 PCR 

Thermocycler (Applied Biosystems) and consisted 

of a 5 minute denaturation step at 95 ºC followed 

by 30 cycles of 95 ºC for 45 seconds, an annealing 

step for the primer at 59-61 ºC for 45 seconds, a 

primer extension step at 72 ºC for 45 seconds and a 

final extension step at 72 ºC for 10 minutes. 

 

 

2.4. Gel electrophoresis 

The PCR products were separated by 

electrophoresis / run out on a 2% agarose gel 

containing 0.5 mg/ml ethidium bromide at 150 V 

for 30 minutes, followed by visualization using a 

UV-transilluminator and photographed by the Gene 

Flash system (SynGene Bio Imaging).                  

 

2.5. DNA Sequencing 

DNA direct sequencing ABI 3100 Genetic 

Analyser (Applied Biosystems) was used to screen 

the nucleotide variants in the JP-45 coding region 

in all amplified DNA samples. The sequencing was 

carried out using the BigDye terminator sequencing 

kit from Applied Biosystems, according to the 

manufacturer’s instructions. PCR products were 

cleaned from deoxynucleotide triphosphates 

(dNTPs) and unincorporated primers using the 

enzymatic method, which involves adding 2 µl of 

EXO-SAP-IT (exonuclease and shrimp alkaline 

phosphatise) (USB) to 5 µl of PCR product. The 

mixture was incubated at 37 ºC for 30 min, and 

then at 80 ºC for 15 min to inactivate the enzymes. 

The sequencing reactions were cycled in a 2700 

PCR Thermocycler (Applied Biosystems) and 

consisted of an initial denaturation step at 96 ºC for 

5 min, followed by 30 cycles of 96 ºC for 30 sec, 

58 ºC for 20 sec and 60 ºC for 4 min. After these 

sequencing reactions, PCR products were purified 

using ethanol precipitation followed by the addition 

of Hi-Di, then automated sequencing was 

performed by capillary electrophoresis on ABI3700 

(Applied Biosystems). 

 

2.6. Restriction fragment length 

polymorphism (RFLP) 

 
Specific restriction enzymes were used 

according to the site of the variant where each 

enzyme was sequence specifically able (or unable) 

to digest. The PCR product (5 µl) was 

electrophoresed using 2% agarose gel to confirm 

the amplification step, then 8 µl was digested with 

the MspA1I enzyme (recognition site is 

CCG^CGG) for p.P109L (c.324C>T) and with 

BstNI (recognition site is CC^TGG) for p.G150A 

(c.482G>C) (both enzymes were obtained from 

New England Biolabs). The procedure was carried 

out using 1x NEBuffer4 and 1x NEBuffer2 for 

each enzyme respectively. BSA was used for both 

enzymes. The reactions were incubated overnight 

at 37 ºC and 60 ºC respectively and the products 

were then electrophoresed on a 3% agarose gel at 

150V for 1 hour. 

 

 



3. Results 

3.1. Novel variants identified in JSRP1 

 
The entire coding region of JP-45 was 

screened to detect any genetic variants using the 

DNA direct sequencing and sequencing analysis 

software. Two novel variants, p.P108L (c.324C>T) 

and p.G150A (c.449G>C), were identified in exons 

4 (Figure 2) and 5 (Figure 3) respectively. p.P108L 

(c.324C>T) was detected in two of the 50 patients, 

i.e a 4% frequency, while p.G150A (c.449G>C) 

was detected in 13 patients, i.e a 26% frequency in 

the sample population. In addition, a novel intronic 

variant was identified in intron 1 in 90% of the 

samples. However, no novel variants were 

identified in Exons 1, 2, 3 or 6. 

 

Figure 2. DNA sequencing chromatograms 

showing a novel variant, p.P108L (c.324C>T), 

identified in exon 4 of JSRP1. The arrow marks the 

mutant type of the same sequence, represented by 

two peaks on the chromatogram, indicating a 

heterozygous SNP.  

   

 

Figure 3. DNA sequencing chromatograms 

showing a novel variant p.G150A (c.449G>C), 

identified in exon 5 of JSRP1. The arrow marks the 

mutant type of the same sequence, represented by 

two peaks on the chromatogram, showing a 

heterozygous SNP. 

 

 

3.2. Genotyping the novel variants in the 

coding region of JSRP1 

 
Two RFLP assays were designed and used 

for the confirmation and genotyping of the novel 

variants identified, p.P108L (c.324C>T) and 

p.G150A (c.449G>C). RFLP genotyping confirmed 

the occurrence of both variants that had been 

identified previously through DNA sequencing. 

p.P108L (c.324C>T) and p.G150A (c.449G>C) 

were identified in two and thirteen DNA samples 

of MHS patients, without RYR1 and CACNA1S 

mutations, respectively. Both variants were in the 

coding sequence, novel, non-synonymous and not 

present in the SNP database.  

 

3.4. Segregation of the two variants within 

the MH pedigrees 

 
The frequency of the p.G150A 

(c.449G>C) variant among MHS individuals within 

their pedigrees was 25 in 34 (74%), while its 

frequency among MHN individuals within their 

pedigrees was 19 in 58 (33%). There were 

insufficient numbers of DNA samples to screen 

individuals in the pedigrees for the p.P109L 

(c.324C>T) variant. In addition, 200 DNA samples 

(i.e. 400 alleles)  from a human random control 

DNA panel of normal healthy Caucasian 

individuals (Sigma-Aldrich) were screened for both 

variants, giving frequencies of 1% and 19% for 

p.P108L (c.324C>T) and p.G150A (c.449G>C) 

respectively. When 100 MHS individuals with 

RyR1 mutations were genotyped for the occurrence 

of the p.G150A variant, the frequency was 43%. 

The frequency of p.P108L is 2%. 

 

3.5. RFLP for p.P109L (c.324C>T)  

 
The restriction enzyme, MspA1I, was 

utilised to genotype the p.P108L (c.324C>T) 

variant. The sequence of 277 bp DNA was 

amplified. Samples homozygous for the C allele 

(i.e. wildtype) produced three fragments (207, 62 

and 8 bp) after MspA1I digestion. The RFLP assay 

produced five fragments for heterozygous (C/T) 

samples (207, 105, 102, 62 and 8 bp), as shown in 

Figure 4. 

 

Figure 4. RFLP assay for the novel variant 

p.P108L (c.324C>T) identified in exon 4 of JSRP1. 

Five fragments (207 + 105 + 102 + 62 + 8 bp) are 

seen in the heterozygous (CT) genotype and three 

fragments (207 + 62 + 8 bp) in the homozygous 

(CC) genotype. 

 

 

 

 CT  CT    CC 

 

100 bp 100bp   



3.6. RFLP for p.G150A (c.449G>C) 

 
BstNI was used as restriction enzyme to 

genotype the p.G150A (c.449G>C) variant. The 

size of the amplified region by the primers was 212 

bp. Enzyme digestion yielded three DNA 

fragments (110, 59 and 43 bp) corresponding to the 

homozygous CC genotype, five fragments (110 + 

72 + 59 + 43 + 38 bp) indicating the GC and four 

DNA fragments (72 + 59 + 43 + 38 bp) in the case 

of the heterozygous GC, as shown in Figure 5. 

 

 

Figure 5. Genetic testing of RFLP for the novel 

variant p.G150A (c.449G>C) in exon 5 of JSRP1. 

RFLP fragments produced using BstNI are 110 + 

59 + 43 bp for CC, 110 + 72 + 59 + 43 + 38 bp for 

GC and 72 + 59 + 43 + 38 bp for GG. 

 

4. Discussion 

Identification of modulator proteins and 

their causative mutations associated with MH 

susceptibility is recommended and helps/facilitates 

the understanding of MH susceptibility, even in the 

presence of RYR1 variants. Robinson, Curran et al 

(2000) mentioned the importance of other 

mutations in modifier genes in MHS individuals 

with functionally weak RYR1 mutations to express 

the MHS phenotype. Approximately 10% 

phenotype/genotype discordance between IVCT 

and the presence or absence of causative mutations 

to confirm or exclude MH susceptibility was 

observed in some pedigrees. One explanation of 

this discordance is the involvement of different 

mutations in different genes (haplotypes) for 

susceptibility to MH. The p.G150A (c.449G>C) 

variant was detected in 74% (95% CI= 63-85%) of 

MHS individuals without RYR1 or CACN1AS 

mutations within the extended pedigree, while the 

variant was detected in only 33% (95% CI= 21-

45%) of the MHN population within the same 

extended pedigree. On the other hand, the 

frequency of the variant was 43% (95% CI= 33-

53%) in MHS individuals with RYR1 mutations. 

These patients were randomly selected individuals. 

The frequency of the variant in the normal 

population is 19% (95% CI= 11-27%). These 

figures indicate a statistically significant difference 

(P value <0.05) between the frequency of the 

variant in the normal and MHS populations 

(figure6). Therefore, p.G150A (c.449G>C) may 

contribute as a modulator of MHS susceptibility 

with RYR1 mutations. Further functional 

investigations should be conducted to indicate 

whether these novel variants identified in JP-45 can 

provide an explanation for some of the discordance 

between IVCT and genotype or of the susceptibility 

to MH in the MHS population with or without 

RYR1 mutations.  
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 Figure 6. Frequencies of the variant G150A 
among MHS and MHN populations. 
 

In conclusion, the frequency of the G150A 

in normal population is 19%, however, its 

prevalence among MHS individuals (MHS within 

extended pedigrees and MHS with RyR mutations) 

is statistically higher. Therefore, JP-45 may 

functions as a modifier or modulator protein in the 

UK malignant hyperthermia susceptibility.  
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