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ABSTRACT 

Malignant hyperthermia (MH) is a rare pharmacogenetic disorder in humans induced by 

volatile anaesthetics and depolarising muscle relaxants. An MH reaction shows 

abnormal calcium homeostasis in skeletal muscle leading to a hypermetabolic state and 

increased muscle contracture. A mutation within the skeletal muscle calcium release 

channel ryanodine receptor gene (RYR1) is associated with MH and is thought to cause 

functional defects in the RYR1 channel leading to abnormal calcium release to the 

sarcoplasm and consequent MH reactions. Mutations within RYR1 are also associated 

with a rare congenital myopathy, central core disease (CCD). CCD is characterised by 

muscle weakness and is thought to be caused by insufficient calcium release from the 

RYR1 channel during excitation-contraction (EC) coupling. 

To investigate functional effects of RYR1 mutations, the entire coding region of human 

RYR1 was assembled and cloned into an expression vector. Mutant clones containing 

RYR1 mutations linked to MH or CCD were also constructed. Wild-type (WT) and 

mutant RYR1 clones were used for transient transfection of HEK-293 cells. Western 

blotting was performed after harvesting and expressed WT and mutant RYR1 proteins 

were successfully detected. Immunofluorescence showed co-localisation of RYR1 

proteins and the endoplasmic reticulum in HEK-293 cells. [3H]ryanodine binding assays 

showed that RYR1 mutants linked to MH were more sensitive to the agonist 

4-chloro-m-cresol (4-CmC) and less sensitive to the antagonist Mg2+ compared with WT. 

Two C-terminal RYR1 mutants T4826I and H4833Y were very significantly 

hypersensitive to 4-CmC and they may also result in a leaky channel. This 

hypersensitivity of mutants linked to MH may result in abnormal calcium release 

through the RYR1 channel induced by triggering agents leading to MH reactions. RYR1 

mutants linked to CCD showed no response to 4-CmC showing their hyposensitive 

characteristics to agonists. 

This study showed that the human RYR1 proteins could be expressed in HEK-293 cells. 

Moreover, using the recombinant human RYR1 clone, a single mutation within RYR1 

resulted in a functional defect in expressed RYR1 proteins and functions of mutant 

RYR1 proteins varied from hypersensitive to hyposensitive depending on the mutation 

and whether it was linked to MH or CCD. 
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ABBREVIATIONS 

 A  absorbance 

 APS  ammonium peroxodisulfate 

 ATP  adenosine triphosphate 

 bp  base pair 

 BSA  bovine serum albumin 

 CCD  central core disease 

 cDNA  complementary DNA 

 CHAPS       3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate 

 CHCT  caffeine-halothane contracture test 

 4-CmC  4-chloro-m-cresol 

 cpm  counts per minute 

 C-terminal carboxy terminal 

 DAPI  4’,6-diamino-2-phenylindole dihydrochloride 

 DMEM  Dulbecco’s modified eagle’s medium 

 DNA  deoxyribonucleic acid 

 DEPC  diethylpyrocarbonate 

 DHPR  dihydropyridine receptor 

 DNase  deoxyribonuclease 

 DMSO  dimethyl sulphoxide 

 dNTPs  deoxynucleoside triphosphates 

 DTT  dithiothreitol 

 EC  excitation-contraction 

 EC50  half maximal effective concentration 

 ECCE  excitation-coupled calcium entry 

 EDTA  ethylenediaminetetraacetic acid 



 iii

 EGTA  ethyleneglycol-bis(2-amino-ethylether)-N,N,N’,N’-tetraacetic 

           acid 

 ER  endoplasmic reticulum 

 FITC  fluorescein isothiocyanate 

 IC50  half maximal inhibitory concentration 

 IgG  immunoglobulin G 

 IVCT  in vitro contracture test 

 kb  kilobase 

 kDa  kilo Dalton 

 MEGAWHOP megaprimer PCR using whole plasmids 

 MH  malignant hyperthermia 

 MHE  malignant hyperthermia equivocal 

 MHN  malignant hyperthermia negative 

 MHS  malignant hyperthermia susceptible 

 MmD  multi-minicore disease 

mRNA  messenger RNA 

N-terminal amino terminal 

PAGE  polyacrylamide gel electrophoresis 

PIPES  piperazine-1,4-bis(2-ethanesulfonic acid) 

POPOP  1,4-bis(5-phenyl-2-oxazolyl)benzene 

PPO  2,5-diphenyloxazole 

pBS  pBlueScript 

PBS  phosphate buffered saline 

pc  pcDNA 

PCR  polymerase chain reaction 

PDI  protein disulfide isomerase 
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RNase  ribonuclease 

RT  reverse transcriptase 

RT-PCR reverse transcription-polymerase chain reaction 

RYR1  ryanodine receptor 1 

SDS  sodium dodecyl sulphate 

SEM  standard error of the mean 

SERCA  sarco/endoplasmic reticulum Ca2+-ATPase 

SLB  super LB 

SOCE  store-operated calcium entry 

SR  sarcoplasmic reticulum 

TAE  Tris-acetate-EDTA buffer 

TEMED N,N,N’,N’-tetramethylethylenediamine 

TBS  tris buffered saline 

TBST  tris buffered saline Tween 20 

TE  Tris-EDTA buffer 

Tris  tris(hydroxymethyl)aminomethane 

TRITC  tetramethylrhodamine isothiocyanate 

TRPC  transient receptor potential channel 

T-tubule transverse tubule 

UV  ultraviolet light 

WT  wild-type 
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