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Identification of a new missense mutation in
MyBP-C associated with hypertrophic
cardiomyopathy

Johanna C Moolman-Smook, Bongani Mayosi, Paul Brink, Valerie A Corfield

Abstract
Hypertrophic cardiomyopathy is a pri-
mary cardiac disease, characterised by
idiopathic myocardial hypertrophy, and is
caused by defects in sarcomeric protein
encoding genes. One ofthese genes is car-

diac myosin binding protein C (MyBP-C),
in which a number of splice site and
duplication mutations causing HCM have
been described. During mutation screen-
ing ofa South African HCM population by
PCR-SSCP, a missense mutation,
Arg654His, was detected in one proband.
Although the mutation was present in his
three adult children, only the proband
himselfwas markedly affected. This is the
first report of a disease associated mis-
sense mutation in MyBP-C which does not
affect the myosin or titin binding do-
mains.
(JMed Genet 1998;35:253-254)

Keywords: myosin binding protein C; missense muta-
tion; hypertrophic cardiomyopathy

University of
Stellenbosch and
South African Medical
Research Council
Centre for Molecular
and Cellular Biology,
Department of
Medical Physiology
and Biochemistry,
University of
Stellenbosch,
Tygerberg, South
Africa
J C Moolman-Smook
V A Corfield

Cardiac Clinic,
Department of
Medicine, University
of Cape Town and
Groote Schuur
Hospital, Cape Town,
South Africa
B Mayosi

Department of
Internal Medicine,
University of
Stellenbosch,
Tygerberg, South
Africa
P Brink

Correspondence to:
Dr Corfield.

Received 29 May 1997
Revised version accepted for
publication 5 September
1997

Hypertrophic cardiomyopathy (HCM) is a dis-
ease of the sarcomere manifesting as a primary
cardiac disorder, characterised by myocardial
hypertrophy, especially of the interventricular
septum, and myocytic and myofibrillar
disarray.' It also carries an increased risk of
sudden death, a phenomenon which mostly
affects the under 40 years age group.2 Both the
familial (FHC) and sporadic forms of this dis-
ease have been associated with mutations in
various sarcomeric protein encoding genes,

such as the cardiac P-myosin heavy chain
gene,3 troponin T,1 a-tropomyosin,' the essen-
tial and regulatory myosin light chains,4 and
myosin binding protein C (MyBP-C).5 6

During mutation screening of MyBP-C in a

panel of HCM affected South Africans, using
polymerase chain reaction (PCR) based single
stranded conformation polymorphism (SSCP)
analysis, a missense mutation was detected in
one person of mixed racial ancestry. Previously
reported FHC causing mutations in MyBP-C
have involved two splice sites5 6 and an exonic
duplication event.6
Human genomic DNA isolated from peri-

pheral lymphocytes was PCR amplified using
the published primers F-intron and R-intron,
which amplify domain C5 of MyBP-C, and
reported temperature profiles5 in a standard
reaction mixture.7 Subsequently, PCR-SSCP
analysis was performed on 5% polyacrylamide
gels as previously described.7 Direct single

stranded sequencing using a standard protocol8
showed that the mobility shift observed in
HCM affected subject SB812 was the result of
a G to A transition at the second base of codon
654 of the gene (fig 1).9 This change leads to
the substitution of the wild type arginine at this
position in the protein by histidine. Fortui-
tously, the change also results in the loss of an
Fnu4HI site. Cleavage of the approximately
367 bp amplified fragment with Fnu4HI
generates three fragments of - 170, -1 10, and
-87 bp in size in the absence of the mutation,
and an additional -257 bp fragment in its pres-
ence. This direct diagnostic test was applied to
a panel of 100 unrelated controls of mixed
ancestry, as well as to the family of SB812
(pedigree 136).

In SB812, the -170, -110, and -87 bp frag-
ments, as well as the -257 bp fragment, were
present after Fnu4HI digestion, indicating het-
erozygosity at codon 654. The mutation was
also present in three of the four children of
SB812; however, its penetrance was low. In
clinical studies, performed as previously
described,8 the 60 year old proband presented
with chest pain and palpitations, he showed a
maximum end diastolic septal thickness of 21.2
mm on echocardiography, abnormal Q waves
and repolarisation features on electrocardio-
gram (ECG), and periods of sustained mono-
morphic ventricular tachycardia were detected.
In addition, he had sustained an earlier
cerebrovascular accident. However, on
echocardiography only one of his mutation
carrier offspring displayed evidence of mild
hypertrophy, a 30 year old daughter with a
maximum septal thickness of 11 mm. Septal
thicknesses in the other two carriers, who were
33 and 30 years old, respectively, were well
within the normal range, while the 33 year old
sib showed increased voltages on ECG, but no
P wave or repolarisation changes consistent
with ventricular hypertrophy. The earlier gen-
eration relatives of SB812 and his sibs were
dead. The mutation was not detected in unre-
lated controls.
The MyBP-C protein consists of repetitive

modules with homology to either immu-
noglobulin (Ig)-like or fibronectin type 3
domains.9 The previously reported splice site
and duplication FHC causing mutations are
presumed to alter the carboxyterminal myosin
or titin binding modules of MyBP-C."' The
present study is the first report of a disease
associated missense mutation occurring in
domain C5, a region of MyBP-C not directly
associated with these primary binding
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domains, and indicates the functional im-
portance of another region of the molecule.

Structurally similar amino acid residues are
found at position 654 in different MyBP-C

A c 'A isoforms, for example, the polar residues
V TA arginine and lysine in human cardiac MyBP-C

Ac and human and chick fast MyBP-C,
* G -A respectively.9 As a result of the mutation

C described, a residue with a basic long side chain
is replaced by histidine, in which the side chain
consists of an amidazole ring structure with
only weakly basic properties. Amino acid 654
occurs in a proline charged residue rich region
of MyBP-C, characteristic of motifs which
often form the basis of specific ligand interac-

Figure 1 Partial sequence tions of signal transduction molecules.9 The
ofMyBP-C in SB812, residue is also situated near the beginning of
showing the heterozygous G
to A transition which is the Ig-like domai of module G5, which iS
responsible forArg654His. bisected by a unique, cardiac specific insertion

sequence, previously postulated to act as a
scaffold for the binding of the MyBP-C associ-
ated Ca2+/calmodulin kinase II.9 Conse-
quently, it may be proposed that the Arg654His
substitution will have detrimental effects on
signal transduction, hindering MyBP-C's
phosphorylation dependent adrenergic regula-
tion of cardiac contraction.

Alternatively, as the 100 kDa proteolytic
fragment which stretches from the MyBP-C
motif to module C9 of MyBP-C, including
module C5, does play some role in myosin
MyBP-C binding,10 the Arg654His MyBP-C
mutation may destabilise such interaction as it
conceivably also disrupts the Ig-like domain.

This novel Arg654His MyBP-C mutation is
presumed to be responsible for FHC. It was
found in an affected subject, in whom extensive
SSCP and restriction enzyme allele specific
mutation analysis of known HCM causing
genes showed no other sequence variation.
Furthermore, MyBP-C Arg654His, which was

not detected in a panel of controls, codes for an
amino acid residue, in which side chain length
and charge is conserved. In the small family
studied, the mutation showed low penetrance
and further studies are needed to determine
the role of the Arg654His mutation in
MyBP-C related FHC.
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