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ABSTRACT
Hypertrophic cardiomyopathy (HCM) is a myocardial disorder, with complications including heart failure, thromboemboli and sudden death. Human and feline HCM (fHCM) are clinically comparable, thus fHCM may serve as a
spontaneous animal model. fHCM in Maine Coon (MC) cats is associated with the p.A31P mutation in the cMyBP-C
protein. The mutation is located in the cMyBP-C C0-domain which is known to interact with actin. The presence and
levels of the wild type and mutated protein in heart tissue from mutant and wild type MC cats were examined by
SDS-PAGE and mass spectrometry (MS). Quantitative yeast-2-hybrid (Y2H) protein-protein interaction analysis was
used to assess the effect of the mutation on C0C1/actin interaction. The NMR-based structure of the C0 domain was
used to calculate the energetic consequence of replacing alanine with a proline residue. In the homozygous MC cat, the
mutated cMyBP-C protein was present, and cMyBPC-C levels were not reduced compared to that of the wild type cat.
However, the interaction of actin with mutant cMyBP-C C0C1 was reduced compared to that of wild type. This may be
because the substitution of the alanine with proline in position 31 was energetically highly unfavorable and resulted in
only one hydrogen bond within the anti-parallel beta-strand compared to two hydrogen-bonds for alanine, possibly destabilizing the structure of the actin-interacting domain. The p.A31P mutation is present in cardiac tissue and the most
likely pathogenic mechanism is interference with contractility by reducing binding of the C0C1 domain of cMyBP-C to
actin.
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1. Introduction
Hypertrophic cardiomyopathy (HCM) is a primary structural disorder of the myocardium; characterized by left
ventricular hypertrophy and clinical complications ranging from no symptoms to sustained palpitation, heart
failure and sudden cardiac death 1. In adult humans,
HCM has a prevalence of 0.2% 1, the prevalence in
cats is unknown, however, it may be as high as 9% 26.3% in some predisposed breeds including the Maine
Coon (MC) breed 2,3. Feline HCM (fHCM) is the most
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commonly diagnosed cardiac disease in cats and has been
described as an excellent spontaneous animal model for
human HCM, as it mimics the clinical characteristics of
human disease e.g. risk of heart failure, cardiac arrhythmia and sudden death 4-6.
Within the MC breed, fHCM is frequently associated
with a p.A31P substitution in the sarcomeric protein cardiac myosin binding protein-c (cMyBP-C), encoded by
the feline MYBPC3 gene 6,7. When first reported, the
mutation was described in a research colony of cats
where both homozygous and heterozygous mutationcarrier cats expressed fHCM, suggesting a dominant patOJVM
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tern of inheritance 6. However, cross-sectional studies
in large cohorts of MC cats reveal that the mutated allele
has a high frequency (~20%) and suggests that p.A31P
associated fHCM is a disease with a very low penetrance
in young and middle-aged heterozygous cats 3,7,8.
One of the most frequently involved genes in human
HCM is MYBPC3, which is responsible for ~30% of all
cases. To date, over 240 MYBPC3 mutations have been
associated with human HCM 9,10 these are usually
private mutations, although distinct founder mutations
have been identified in cohorts from the Netherlands and
Finland 11,12. One such founder mutation, cMyBP-C
p.R502W, is the most common HCM-causing mutation
in patients of European descent, and is associated with
2.4% of all cases 13. Although mutations in the MYBPC3
gene are most often associated with autosomal dominant
inheritance, recessive inheritance of MYBPC3-associated
HCM has also been reported 14-16. Patients carrying
homozygous mutations in MYBPC3 often exhibit an
earlier onset and more severe phenotype than heterozygous mutation carriers 14-16.
The cMyBP-C protein plays a regulatory role in the
sarcomere of cardiomyocytes and is involved in regulation of cardiac contractility through its binding to myosin
as well as to actin, the major component of the thin filament of the sarcomere 17. The cMyBP-C protein also
contributes to sarcomere assembly and stability, without
being an essential sarcomere protein; its role is thus
rather that of a modulator of sarcomere function 18.
The cMyBP-C protein consists of 11 domains (C0, C1,
C2… through to C10); the N-terminus comprises the
C0-C2 domains and the C-terminus comprises C8-C10.
The feline cMyBP-C p.A31P mutation is located in the
cMyBP-C C0 domain, which occurs only in the cardiac
isoform 19. Besides the C0 domain, the cMyBP-C has
two other cardiac-specific features; a nine amino acid
long insertion (LAGGGRRIS) in the motif between C1
and C2, and a 28-amino acid loop in the C5 domain
(NCBI GenBank X84075.1) as reviewed by Flashman et
al. in 2004 20,21.
The majority of human HCM associated mutations in
the MYBPC3 gene are located in the region encoding the
central domain and the C-terminus of the protein (Biobase Biological Databases:
http://www.biobase-international.com/) 9,22-24. In the
C0 domain, two amino acid substitution mutations; p.G5R
and p.T59A and a nonsense mutation p.E76x (x = stop
codon), one splice mutation IVS2-2A > G, and finally
three small deletions introducing stop codons at residues
59, 74 and 93 have been reported 9,22-24. Haploinsufficiency is often associated with human cMyBP-C HCM;
of the mutations identified in the C0 domain, IVS2-2A >
G has been reported to cause haploinsufficiency 9, and
the mutations which result in premature stop codons are
Copyright © 2013 SciRes.
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expected to result in haploinsufficiency. Functional studies of the missense mutations have not yet been reported.
HCM caused by dominant-negative MYBPC3 mutations has also been reported 25 however, little is presently known about the pathogenic mechanism of mutated
cMyBP-C in the diseased heart. In particular, the information on the functional consequences of mutations in
the N-terminus is inadequate.
In this study, mass spectrometry (MS) analysis was
used to compare the presence of cMyBP-C in heart tissue
from a MC cat that was a homozygous carrier of the
cMyBP-C p.A31P mutation with that of a homozygous
wild type MC cat. Furthermore, we examined the effect
of the p.A31P amino acid substitution on the interaction
between the cMyBP-C C0C1 domain and actin using
quantitative b-galactosidase assays in a yeast-two-hybrid
(Y2H) system and by in silico molecular modeling.

2. Methods
2.1. Animals
Samples from cardiac muscle tissue were obtained from
two MC cats. Cat A was a 36-month-old male homozygous for the p.A31P mutation 3, with a mild HCM
phenotype. Cat B was a 16 months old, mutation negative queen, with no clinical signs of HCM. Both cats
were examined by 2-D and M-mode echocardiography as
previously described 3 just prior to euthanasia. Cat A
had a mild asymmetric hypertrophy of the left ventricle
consistent with mild HCM. The 2-D measurements of the
left ventricle free wall in diastole (LVFWd) were 5.6 mm
and the interventricular septum in diastole (IVSd) was
4.1 mm. Cat B had normal cardiac dimensions and function with IVSd and LVFWd less than 5 mm. For the used
feline HCM diagnostic criterias we refer to recently publiched data 3. Owners gave informed consent and the
study was approved by the ethics committee at the Department of Small Animal Clinical Sciences, University
of Copenhagen.
The procedure for euthanasia involved sedating the
cats with a 1 ml intramuscular injection of Zoletil (zolazepam/tiletamin). Following sedation, an intravenous catheter was placed in the cephalic vein of the right front leg
and 5 ml of pentobarbital (200 mg/ml) was injected intravenously. The hearts were removed immediately following euthanasia and were stored at −80˚C until use.

2.2. Protein Analysis
Tissue samples (~500 mg) were taken from the left ventricular free wall of the frozen hearts and treated as described previously [26,27] with only few modifications.
Briefly, the samples were weighed, placed in a tube on
ice and immediately added ice cold sample buffer (8 M
OJVM
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urea (InVitrogen, Taastrup, Denmark), 2 M thiourea, T7875
(Sigma, Brondby, Denmark), 50 mM Trizma base, T1503
(Sigma), 75 mM dithiothreitol (DTT) (Sigma), 3% w/v
SDS (Bie&Berntsen), and 0.004% w/v bromophenol blue,
pH 6.8), at a ratio of 30 µl sample buffer to 1 mg tissue
sample. The samples were homogenised using a UltraTurrax 25 Basic (Ika, Straufen, Germany) for 5 - 10 seconds and heated 2 min at 100˚C using a heat block, to be
placed on ice for at least 5 min, with subsequently centrifugation at 12.000 rpm (Ole Dich centrifuge, Ole Dich,
Hvidovre, Denmark) for 2 min, at 4˚C. In order to enable
mass-based separation of sarcomeric proteins, the supernatant containing the extracted, denatured and reduced
sarcomeric proteins, was analyzed by SDS-PAGE using
Ready Gel Tris-HCl precast 7.5% polyacrylamide gels
(BioRad, Copenhagen, Denmark) and Tris/Glycine/SDSbuffer (10XTGS, cat. 161-0772, BioRad, Copenhagen,
Denmark) (Figure 1). The coomassie-stained bands were
subjected to densitometric scanning on a BioSpectrumAC (UVP Inc., Upland, CA), and the scanned areas
were quantified by use of the VisionWorksLS software.
The cMyBP-C band was normalized to the bands of
myomesin, α-actinin 2 and troponin T, to verify differences in specific loaded protein, Figure 1. Protein bands

Figure 1. SDS-PAGE analysis of proteins extracted from
feline heart tissue. Left-hand gel picture: Lane 1: Standard
marker, lane 2: protein extract from feline left ventricle
protein homogenate. Feline proteins identified from mass
spectrometric analysis: 1) myosin heavy chain, 2) protein M
(similar to myomesin), 3) cMyBP-C, 4) vinculin, 5) nicotinamide nucleotide (NAD(P)) trans hydrogenase, 6) α-actinin 2, 7) aconitase 2, 8 + 9) albumin, 10) ATP synthase H+
transporting F1 complex α plus β subunit, 11) actin and 12)
troponin T. Gel picture to the right: SDS gel of the tissue
homogenate of feline cardiac muscles. The arrow indicates
the protein band representing the cMyBP-C. Right-hand
gel picture: Cat A was homozygous for the p.A31P mutation, whereas cat B was a cMyBP-C wild type. Protein
bands two, six and 12 were used as internal standards to
evaluate the relative levels of cMyBP-C (band 3 indicated
by arrow).
Copyright © 2013 SciRes.
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were cut from a gel reduced by DTT and digested over
night with trypsin (Promega, WI, USA) at 37˚C, as described in [28]. Samples were purified on POROS 50R2
micro-columns and loaded on a steel target using 5 µg/µl
α-cyano-4-hydroxycinnamic acid matrix [29]. For the
identification of proteins, MS and MSMS, separating
proteins based on mass-charge (m/z) ratio, were performed on either a MALDI Q-TOF (Micromass, Waters,
MA, USA) or a 4700 Proteomics Analyzer (Applied Biosystems, CA, USA) and the data searched against the
SwissProt database using the Mascot search engine (Matrix Science, UK). To verify the proposed mutation of
cMyBP-C, MS was obtained on a Bruker Ultraflex (Bruker
Daltonics, Germany) and MSMS on the 4700 Proteomics
Analyzer. MSMS data was interpreted using GPMAW
(Lighthouse, Denmark).

2.3. Mutagenesis
The region of MYBPC3 (NM_000256) encoding the
C0C1 domain of the cMyBP-C protein was PCR-amplified from a full-length human MYBPC3 cDNA clone (a
kind gift from Prof Hugh Watkins, University of Oxford,
UK) and cloned in-frame with the GAL4 DNA-binding
domain (BD) sequence in pGBKT7 (pGBKT7-C0C1)
(Clontech, Mountain View, CA, USA). To assess what
influence the p.A31P mutation had on the ability of
cMyBP-C-C0C1 to interact with cardiac actin; PCRbased site-directed mutagenesis [30] was used to generate a fragment that coded for the replacement of alanine
at position 31 with a proline (p.A31P) within the C0C1
region. Briefly, a set of complementary mutagenesis
primers for the mutation, (Table 1), were used in conjunction with pGBKT7-specific outer primers, pGBKT7F and pGBKT7-R, to separately generate a PCR fragment for the mutation from the pGBKT7-C0C1 construct.
For each of the PCR reactions, 100ng of pGBKT7-C0C1
cDNA was used as template in a 50 µl PCR standard
reaction. Following purification, 4 µl of each PCR-fragment was added to a second PCR mix and subjected to a
further 15 cycles of thermal cycling. These PCR fragments were cloned into pGBKT7 to generate the mutant
construct pGBKT7-C0C1-31P. All constructs were used
together with a clone encoding the cDNA of cardiac actin
(pACT2-ACTC) (a kind gift from Dr. Amsha Ramburan,
University of Stellenbosch, SA) in Y2H prey vector
pACT2, in quantitative yeast-based interaction assays.
Table 1. Oligonucleotide primer sequences used to generate
mutant cMyBP-C C0C1 construct.
Primer
Forward_c.91G > C
Reverse_c.91G > C
Forward_pGBKT7
Reverse_pGBKT7

Sequence
5’TTCCAgCCCgAgACAgA3’
5’TCTgTCTCgggCTCgAA3’
5’TCATCGGAAGAGAGTAG3’
5’TCACTTTAAAATTTGTATACA3’
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2.4. Interaction Studies
The pGBKT7-C0C1-31A and the mutant construct
pGBKT7-C0C1-31P were transformed separately into S.
cerevisiae strain AH109, and prey plasmid pACT2ACTC was transformed into strain Y187, by the lithium
acetate procedure. The non-recombined pGBKT7 plasmid was used as a negative control. Two independent
quantitative β-galactosidase assays were performed with
diploid crosses of these baits and preys, each with triplicate samples, and data pooled after normalization to the
β-galactosidase production of the negative control, as
previously described 31. One unit of β-galactosidase
was defined as the amount of enzyme that hydrolyzes 1
nmol of ONPG to O-nitrophenol and D-galactose per
minute per cell. Significant differences between test and
control β-galactosidase production was determined by
ANOVA followed by a post-hoc Bonferroni multiple
comparison test, where a P-value < 0.05 indicated significance.

2.5. Homology Studies
Homology studies of the C0C1 domain were investigated
using ClustalW multiple alignment analysis. The first
262 amino acids from cMyBP-C comprise the human
C0C1 cMyBP-C domain and the first 262 amino acids of
cMyBP-C sequences from different species were aligned:
Mus musculus (O70468.1), Rattus norvegicus
(NP_001099960.1), Homo sapiens (NP_000247.2), Pan
troglodytes (XP_508410.2), Canis lupus familiaris
(NP_001041571.1), Felis catus (ensfcap00000002329),
Bos Taurus (NP_001070004.1), equus caballus
(XP_001491151.2), Gallus gallus (Q90688.3), Xenopus
laevis (NP_001082167.1) and Danio rerio
(NP_001037814.2). The feline cMyBP-C amino acid
sequence was not available at the database at the National Center for Biotechnology Information and was
instead obtained from the Ensembl Genome Browser
http://www.ensembl.org/index.html.

2.6. Molecular Visualization and Energy
Calculations
The structure of the C0 domain of cMyBP-C was obtained from the NMR-based pdb-file 2K1M. This file
contains 20 NMR structures and one energetically possible was chosen using the GROMOS forcefield
(www.igc.ethz.ch/gromos) in DeepView
(www.spdbv.org). The structure was visualized using
Yasara by Yasara Biosciences and the secondary structured was noted. The Yasara program was also used to
visualize the C0 domain with the alanine residue substituted by trans- and cis-proline. The GROMOS force field
was used to calculate the changes in total energy by inCopyright © 2013 SciRes.
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troducing the proline into the secondary and tertiary
structure of the C0 domain of cMyBP-C.

3. Results
3.1. Identification of Mutated cMyBP-C in
Cardiac Tissue
Mapping of the tryptic peptides from the cardiac cMyBPC bands by MS confirmed the presence of proline at position 31 of the cMyBP-C protein (Figure 2) in the homozygous p.A31P cat (A), but not in the homozygous
WT cat (B). A low abundance peak at m/z 1894 was also
seen in the spectrum from cat B; however, MSMS confirmed that this did not correspond to the 18 - 35 peptide
with a proline residue at position 31. The distribution of
proteins extracted from feline cardiac tissue can be seen
on the SDS PAGE gel in Figure 1. Clearly distinguishable were myosin heavy chain, protein M (myomesin),
actin, α-actinin 2, troponin T and cMyBP-C. After normalizing of the cMyBP-C protein (Figure 1—band three)
to the bands of myomesin, α-actinin 2 and troponin T
(Figure 1—bands two, six and 12, respectively) no differences in the protein level of cMyBP-C were seen between the mutant and the wild type cMyBP-C form, thus
the p.A31P mutation does not appear to result in haploinsufficiency of cMyBP-C in the heart.

3.2. Interaction with Actin
The Y2H assay was used to investigate the interaction
between the C0C1 region of cMyBP-C and actin. The
β-galactosidase production was higher in yeast colonies
producing actin and wild type cMyBP-C C0C1-31A
(normalized to negative control: 1.68 units, SE 0.28) than
in yeast colonies producing actin and the mutant cMyBPC C0C1 p.31P (normalized to negative control: 0.24
units, SE 0.08). Comparison of β-galactosidase production of C0C1-31A versus C0C1-31P revealed a significant (P = 0.001) reduction of 85% in the production of
β-galactosidase, suggesting that carrying a proline at position 31 inhibits the binding of cMyBP-C to cardiac actin (Figure 3).

3.3. Bioinformatics
The multiple alignments of the first ~100 amino acids of
cMyBP-C sequences from different species represent the
C0 domain of the protein. The alignment showed that the
alanine in position 31 of cMyBP-C is conserved in all the
examined species (Figure 4), and thus is likely important
for protein structure of function.

3.4. Molecular Visualization and Energy
Calculations
The visualization of the C0 domain of cMyBP-C from
OJVM
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Figure 3. The results of the Y2H assay. Values represent
mean ± SE of the mean for three independent assays, each
performed with triplicate samples. β-galactosidase production was higher (P < 0.05) than control values in yeasts producing actin and domain C0C1 but not in yeast producing
actin and domain C0C1-A31P. The β-galactosidase production of C0C1 versus C0C1-A31P was significantly higher (P
= 0.001) suggesting that the p.A31P variant results in reduced binding of C0C1 to actin.

the NMR-structures in the pdb-file 2K1M showed the
classical immunoglobulin I-set structure with 9 betastrands assembled into two beta-sheets (Figures 5(a) and
(b)) [32,33]. Substitution of the alanine with trans-proline
in residue 31 (30 in the finished protein sequence) was
highly energetically unfavorable, the total energy of the
C0 domain increased from −1847 kJ/mole to +431 kJ/mole
following energy minimization, irrespective of which of
three rotamers were chosen. As seen in Figure 6(b), the
trans-proline extends above the plane of the beta-strand
causing steric hindrance, and the energy calculations
suggested that it interferes with the tryptophan residue in
codon 42, and only one H-bond is possible with the
anti-parallel beta-strand. This compared to two H-bonds
with alanine.
The cis-proline substitution (Figure 6(c)) was less
sterically hindered and the energy calculations following
energy minimization resulted in a total energy of −729
kJ/mole, but still only resulted in only one H-bond with
the anti-parallel beta-strand.

4. Discussion
Figure 2. MS analysis of the cMyBP-c band isolated from
the SDS-PAGE gel in Figure 1. (A) Peak 1894 (m/z) corresponded to the peptide 18-35 with a proline residue at position 31 identified in cat A. Peak 1868 (m/z) corresponded to
the peptide 18-35 with an alanine residue at position 31
from cat B; (B) MSMS spectra of m/z 1894 (m/z) from cat A
and cat B. In the top spectrum y- and b- fragment ions that
can be assigned to peptide 18 - 35 with a proline at position
31 are indicated. *indicates peaks that cannot readily be
explained by fragmentation of peptide 18 - 35. The bottom
spectrum only contains peaks corresponding to the unexplained ones from cat A showing the presence of an unidentified peptide.
Copyright © 2013 SciRes.

In this study, we demonstrated that the feline cMyBP-C
variant p.A31P is present in heart tissue from a homozygous MC cat with mild HCM, and that cMyBP-C levels
are not reduced as a result of this mutation; hence its
pathoetiology is not likely to be due to haploinsufficiency,
but more likely involves a dominant-negative effect.
Furthermore, we support this finding by showing that the
known interaction between actin and domain C0-C1 of
cMyBP-C is reduced in the mutant C0C1-31P, compared
to that of the wild-type cMyBP-C C0C1-31A domain.
Our visualization of the structure of the C0 domain in
cMyBP-C (Figures 5 and 6) suggests that the introduction of a proline, as occurs in the p.A31P cMyBP-C muOJVM
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Figure 4. Alignment of the cMyBP-C C0C1 domain amino acid sequence with the sequences from a range of other species.
Known missense mutations in human are marked by red arrows and the fHCM mutation is marked by a black arrow.

Figure 5. Molecular structure of the C0 domain based on
the 2K1M PDB file. (a) C0 structure; (b) Schematic description of the localization of the nine beta strands and the
location of the p.A31P mutation.

tant, may be highly energetically unfavorable. The sequence identity between the feline and human cMyBP-C
C0 domain is > 95%, consequently the use of the human
structure is considered acceptable considering the unavailability of the feline structure. It seems to be a general rule that the introduction of prolines into the inner
Copyright © 2013 SciRes.

Figure 6. Schematic visualization of the effect of substituting the alanine residue with a proline residue. The proline
interrupts the hydrogen bond between two beta strands. (a)
Close-up of the alanine residue in the beta strand; (b)
Close-up of the C0 domain with the alanine substituted by
trans-proline. (c) Close-up of the C0 domain with the alanine substituted by cis-proline.

parts of buried β-strands and β-sheets are not possible
without disruption of the structure [34], one reason being
that a proline cannot participate in more than one H-bond
[34]. Furthermore, prolines are known to contribute to
protein folding, which may disrupt tertiary domain structures [35]. Introduction of a proline into a beta sheet
strand has previously been reported as pathogenic; a notable example being the HFE p.Q283P mutation in hereditary hemochromatosis patients [36]. Molecular modOJVM
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eling of the pQ283P mutation predicts a destabilizing
effect of the mutation on the tertiary structure of the HFE
protein [36]. Hence, the feline A31P cMyBP-C mutation
is likely to result in an unstable, conformationally distorted, C0 domain with reduced interaction with actin.
Cardiac contraction is regulated by the binding of
cMyBP-C to actin and myosin, which are the major
components of thin and thick filaments, respectively. The
C-terminus of cMyBP-C binds light meromyosin (LMM)
and titin and is believed to stabilise the sarcomere during
assembly. The N-terminus binds reversibly to actin and
myosin S2 [37-39], as determined by phosphorylation of
a region (the M-motif) between the C1 and C2 domains
[39]. Unphosphorylated cMyBP-C binds to actin and
myosin S2; upon phosphorylation, interactions with both
myosin S2 and actin are reduced, which allow myosin
heads of thick filaments to interact with actin of thin
filament [39,40].
Additional actin binding sites have been identified in
the cMyBP-C N-terminus; these include regions of the
C0 and C1 domains [38-40]. The C0 domain contains an
actin binding site which has a similar actin affinity as
that of skeletal MyBP-C in myofibrils [38]. Using a
quantitative Y2H direct protein-protein interaction assay,
we have determined that the binding between C0C1 and
actin is significantly reduced in assays using a mutated
C0C1 (p.31P) (P = 0.001) (Figure 3) compared to those
containing normal wild type C0C1 (p.31A). Shaffer et al.
(2009) showed that actin binding sites in C1 are not affected by M-motif phosphorylation and are thus not part
of the reversible regulation of contraction [40]; this is
most likely also the case for the actin binding site in the
C0 domain.
The fact that the C0 domain is cardiac-specific indicates that the role of the C0 domain is not essential for
sarcomere contraction. Therefore we suggest that the C0
domain might add an extra “tightness” to the sarcomere
structure and may be important to sustain sarcomeric
organization during the repeated strain of cardiac contraction. The loss of this support, caused by the homozygous presence of the p.A31P mutation may then result in
compensatory hypertrophy seen as fHCM in MC cats [3].
This study is, to our knowledge, the first to present a
functional effect of a mutation in the C0 domain of
cMyBP-C protein and an association with HCM pathogenesis. Known human C0 domain mutations have only
been associated with HCM based on their presence in
HCM patients and absence in control groups. Two cMyBPC C0 domain missense mutations in human HCM patients have been described, p.G5R in compound heterozygosity with p.R502W is described as a founder mutation found in European patients [13,24], and p.T59A
cMyBP-C was found in an elderly woman [22]. The latter mutation is very unlikely to be disease causing as
Copyright © 2013 SciRes.
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alanine is the most common amino acid at residue 59 in
mammals (Figure 4), and a threonine/alanine substitution is a very conservative change. This underscores that
it is very difficult to verify if a potential disease-causing
mutation segregates with the disease in single individuals
and small families, and thus functional analysis of possible disease-causing mutations is important.
The fact that the cMyBP-C p.A31P associated fHCM
exhibits a very low penetrance in cats which are heterozygous carriers of the mutation indicates that interference with the cMyBP-C C0 actin interaction is perhaps less pathogenic than mutations in the rest of the
gene. Thus, both alleles are necessary to provoke fHCM
in young and middle-aged cats, whereas single dose gene
effects may be seen in mutations involving the rest of the
gene [3,8].
In summary, we have shown that the p.A31P mutation
of feline cMyBP-C results in expression of cMyBP-C in
which the alanine residue in position 31 has been substituted by proline. The N-terminal of this protein has been
shown to exhibit a markedly reduced interaction with
actin, which is explained by the structural and energetic
effects of the introduced proline. Most likely, the reduced
interaction between cMyBP-C and actin results in a sarcomere with reduced lateral stability, which conceivably
may, over time, trigger hypertrophic responses in an effort to compensate for a reduced ability to cope with
contractile strain.
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