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ABSTRACT

Malignant hyperthermia (MH) is an autosomal dominant, potentially lethal
pharmacogenetic disorder of skeletal muscle, which is elicited by exposure to volatile
anaesthetics and depolarising muscle relaxants. Susceptible individuals appear clinically
normal, but may present with a hypermetabolic crisis and muscle contracture when
exposed to triggering substances that elicit excessive release of calcium ions from the
sarcoplasmic reticulum. Diagnosis of MH susceptibility is currently made via the in vifro

contracture test.

Genetically, in more than 50% of the affected families, MH occurs due to alterations in the
skeletal muscle ryanodine receptor gene (RYR1) on chromosome 19g13.1. However, the
disorder is genetically heterogeneous, as six other loci have to date been associated with
MH susceptibility (MHS). Thus far, molecular tests have focused on three mutation
hotspots of the RYR1 gene, which refer to regions that are more frequently mutated.

Screening the entire RYR1 has led to a higher detection rate in a variety of populations.

In this study the entire coding region of the RYR1 gene was screened via sequencing for
novel or reported alterations for the first time in 15 South African probands. Eight different
RYR1 alterations were observed in seven MHS South African probands, six of which were
previously reported and two of which were novel. Compound heterozygous alterations and
alterations outside the mutation hotspots were detected. Screening of the entire coding

region of the RYR1 gene is crucial for genetic investigations into MHS.

it was postulated that MH in the South African population is due to multifactorial
inheritance in which a network of several genefic, environmental and epigenetic factors
interact and cumulatively result in the development of the MH phenotype. Data generated
in this study highlight the complexity of this disorder, further supporting a novel epigenetic
aetiology for MH in the South African population.
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OPSOMMING

Maligne hipertermie (MH) is 'n outosomale dominante, potensieel dodelike
farmakogenetiese sindroom van die skeletspier wat veroorsaak word deur blootstelling
aan vilugtige narkotiese middels en depolariserende spierverslappers. MH-vatbare
individue kom klinies normaal wvoor, maar mag 'n hipermetaboliese krisis en
spiersametrekking toon wanneer die individu aan veroorsakende middels blootgestel word,
wat die oormatige vrystelling van Kkalsium-ione deur die sarkoplasmiese retikulum
veroorsaak. Diagnose van MH-vatbaarheld word tans bepaal deur die

in vitro-kontraksietoets.

In meer as 50% van aangetaste gesinne kom MH voor as gevolg van veranderings in die
skeletspier-ryanodienreseptorgeen (RYR1) op chromosoom 19g13.1. Die siektetoestand is
egter geneties heterogeen, aangesien tot op hede ses lokusse geidentifiseer is wat
geassosieer word met MH-vatbaarheid (MHS). Tot dusver, het molekulére ondersoeke
gefokus op drie mutasie-ryke gebiede van die RYR1-geen waar veranderings meer
gereeld plaasvind. Sifting van die volledige RYR1-geen het gelei tot n verhoogde

ontdekkingstempo van 'n verskeidenheid veranderings in verskillende bevolkings.

In hierdie studie is die hele kodeergebied van die RYR1-geen vir die eerste keer in 15
Suid-Afrikaanse indeksgevalle gesif met volgordebepaling vir voorheen ongerapporteerde
of aangemelde veranderings. Agt verskillende RYR1-veranderings is waargeneem in sewe
Suid-Afrikaanse indeksgevalle, waarvan ses voorheen waargeneem is en twee nuut is.
Veelvuldige heterosigotiese veranderinge en veranderinge buite die mutasie-ryke gebiede
is waargeneem. Sifting van die totale RYR1 geen is van deurslaggewende belang vir

genetiese ondersoeke in verband met MHS.

Daar word gepostuteer dat MH in die Suid-Afikaanse bevolking te wyte is aan
multifaktor-oorerwing waar 'n netwerk van genetiese, omgewings- en epigenetiese faktore
met mekaar reageer en kumulatief lei tot die ontwikkeling van die MH-fenotipe. Data wat in
hierdie studie gegenereer is, benadruk die ingewikkeldheid van hierdie sindroom en bied
verdere bevestiging van n voorheen ongerapporteerde epigenetiese etiologie vir MH in die

Suid-Afrikaanse bevolking.
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°H
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inositol-1,4,5-triphosphate

inositol-1,4,5-triphosphate receptor
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local type
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! GenBank® is a registered trademark of the National Institute of Health and Human Services for the Genetic Sequence Data Bank,

Bethesda, MD, USA,

2 Promega Go Tag® Flexi DNA polymerase is a registered trademark of the Promega Corporation, Madison, Wi, USA.
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pg.mL™ microgram per millilitre

i microlitre

LM micromolar

vl niolar

M1-M10 transmembrane segments, numbers 1 to 10

MC myotonia congenita

Met methicnine

mEQ.kg™ milliequivalent per kilogram

Mfold multiple fold programme

mg milligram

mg.kg”’ miiligram per kilogram

Mg™ magnesium ion

MgCl, magnesium chloride

MH malignant hyperthermia

MHE malignant hyperthermia equivocal

MHEc MH equivocal, positive for caffeine

MHERh MH eguivocal, positive for halothane

MHN malignant hyperthermia normal

MHS malignant hyperthermia susceptible

MHS-1 MHS locus on chromosome 19

MHS-2 MHS locus on chromosome 17

MHS-3 MHS locus on chromosome 7

MHS-4 MHS locus on chromosome 3

MHS-5 MHS locus on chromosome 1

MHS-6 MHS locus on chromosome 5

MHS-7 MHS locus on chromosome 2

min minute

mbL millllitre

mi millimolar

MmD multi-minicore disease

MMR masseter muscle rigidity

mN millinormal

Mn** manganese ion

mRNA messenger ribonucleic acid

mRyR mitochondriat RyR

N-terminal denotes the aminc terminus of a polypeptide

Na® sodium icn

NaEDTA disodium EDTA

NaHCO4 sodium bicarbonate

NaCi sodium chioride

NADH nicotinamide adenine dinucleotide

NAMHG North American MH Group

NaQAc sodium acetate

NCB! National Centre for Bictechnology Information, USA,

NCX Na*/Ca** exchanges

NH; amino group

ng nanogram: 10 gram

ng.pL™ nanogram per micrclitre

ne nanometre: 10 metre

Nm Newton metre

NMBA neuromuscular blecking agent

NMS neuroleptic malignant syndrome

No. number

NR no response

0O, oxygen

orange G 7-hydroxy-8-phenylazo-1,3-naphthalenedisulfonic acid: CygHoN20785Na;

p short arm of chromosome

PB buffer hinding buffer

PE buffer wash buffer

Phase 1 previous study conducted in the ongoing MH research programme at the
Centre for Genome Research

Phase 2 previous study conducted in the ongoing MH research programme at the
Centre for Genome Research

Phase 3 study presented here, which forms part of the extended MH research
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RNA
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s

S
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snRNA
S
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Superihenﬂ®
T

T

t

Ta

Tag polymearase
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TC
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T
n
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TRI
Tris?

Tris-HCI
Triton X-100°
tRNA

Trp

t-tubule

Tyr

U

UK

unc
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programme at the Centre for Genome Research
carbon dicxide partial pressure

polymerase chain reaction

a measure of acidity: numerically equal to the negative logarithm of H*
concentration expressed in molarity

phenylalanine

phospholipase A;

Ca**-ATPase pump

picomal; 107 mole

proiine

pale, soft, exudative perk syndrome

porcine stress syndrome

long arm of chromosome

reverse primer

restriction fragment length polymorphism
ribonucleic acid

revolutions per minute

RYR isoform of turkey

RYR expressed in human skeletal muscle

RYR exprassed in human cardiac muscle

RYR exprassed in human brain

RYR1 gene exprassed in animals

skeletal muscle type one ryanodine receptor protein
seconds

transmembrane « helix segment of the a4-subunit
sodium channel a-subunit gene

sodium dodecyl sulphate; CiaNasNal,5

SR Ca*-ATPase

serine

sudden infant death syndrome

single nuclectide polymorphism(s)

small nuclear RNA

strontium ion

sarcoplasmic reticulum

Super-therm®’ polymerase

transmembrane

thymine (in DNA sequence)

thymine

annealing temperature

DNA deoxynucleotidyltransferase, EC2.7.7.7, from Thermus aquaticus BM,
expressed in a recombinant £.coff

promoter element consisting of the following sequence 5’-TATA-2'
Tris® borate-EDTA buffer

terminal cisternae

fhrecnine

melting temperature

troponin

subunit of troponin

triadin

Trig®": tris{hydroxymethyllaminomethane:2-amino-2-(hydroxy methyly-1,3-
propanadicl; C4H{;CNO,

2-almino—12—(h®y2 roxymethyl)-1,3-propanediol hydrochloride:C H; | NOa,H;0

Triton X-100™" octylphenolpoly(ethylene-glycoethery: CasHgz0O44. forn =10
transfer ribonucleic acid

tryptophan

transverse tubule

tyrosine

units

United Kingdom
mutant alleles of C. efegans

! Super-therm® polymerase, is a registered trademark of JMR Holdings, Sevenoaks, Kenl, UK.
2 Tris™ is the registered trademark of the United States Biochemical Corporation, Cleveland, OH, USA,
3 Triton X-100% is the registered trademark of Rohm & Haas Company, Philadelphia, PA, USA,
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UTR
uv
Val)

V.cm
vol %
wiv
xXg

vi

United States of America
untranslated region
ultraviolet

valine

veolts

volts per centimetre
percent volume per volume
welght/vclume
gravitational acceleration
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