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The Journal of Muscle Research aims to serve its readers

not only by publishing original studies in muscle and

motility structure and function but also by informing

readers of the state of the art in muscle research and cell

motility and to promote debate.

This issue of the Journal of Muscle Research and Cell

Motility is the first of a series of topical special issues that

combine original research with review articles related to a

specific subject that we plan to publish once or twice a

year. Further topical issues are being planned and we

would welcome ideas for the themes to be covered in future

issues.

In this issue, articles are devoted to cardiac myosin-

binding protein-C. When C-protein, or myosin-binding

protein-C (MyBP-C) was discovered in skeletal muscle in

the early 1970s by Gerald Offer (Offer 1972; Offer et al.

1973), MyBP-C was thought to be merely a structural

protein component of the thick filament. Interest in the

functions of MyBP-C were galvanised when it was found

that the cardiac isoform, encoded by the MYBPC3 gene on

chromosome 11, was mutated in cases of hereditary

hypertrophic cardiomyopathy (HCM) (Bonne et al. 1995;

Watkins et al. 1995). By now, mutations in MYBPC3 are

the second-most frequently identified mutations that cause

HCM (Schlossarek et al. 2011), with carriers of a specific

pathogenic mutation amounting up to 4 % of the popula-

tion of Indian descent (Dhandapany et al. 2009).

It has become clear that MyBP-C must play important

roles in both the regulation of contractility and as the

assembly of muscle myofibrils. MyBP-C is transcribed

from three related genes (MYBPC1-3), which encode the

slow, fast and cardiac isoforms. Like many other myofibril-

associated structural proteins, MyBP-C is composed of a

series of hundred-residue domains of the intracellular

immunoglobulin and fibronectin families—10–11 in the

case of MyBP-C (Fürst and Gautel 1995; Otey et al. 2009).

This molecular architecture is shared with the small MyBP-

C homologue, myosin-binding protein-H (Vaughan et al.

1993) and other myofibrillar proteins like myopalladin,

myotilin, the myomesin isogenes and the giant scaffold

and signalling proteins titin and obscurin (Kontrogianni-

Konstantopoulos et al. 2009).

Earlier work by the laboratories of Gerald Offer, Carl

Moos, Roger Starr, Rick Moss, Polly Hofmann, Criss

Hartzell and others had implicated MyBP-C in contraction

regulation by interactions with actin or myosin filament

components, possibly dynamically modulated by phos-

phorylation by cAMP and calcium/calmodulin dependent

protein kinases in the case of the cardiac isoform (see

articles in this issue for a review of the literature). The

elucidation of the primary structure of both skeletal and

cardiac MyBP-C isoforms pinpointed these phosphoryla-

tion sites to the N-terminal region within a sequence dis-

tinct from the immunoglobulin or fibronectin-like domains

that form the remainder of the protein (Einheber and

Fischman 1990; Fürst et al. 1992; Gautel et al. 1995). This

MyBP-C motif has since been implicated as the major

domain involved in contraction regulation by interactions

that have been localised to both the actin and myosin
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filaments. Considerable controversy over the exact map-

ping of actin binding sites for cardiac MyBP-C on both

regulated actin filaments as well as MyBP-C itself will

need to be resolved, as discussed (Pfuhl 2012). The

C-terminal domains in turn have been unequivocally

associated with the anchorage of the protein to the LMM

portion of myosin heavy chain (Okagaki et al. 1993; Gil-

bert et al. 1999; Welikson and Fischman 2002) and titin

(Freiburg and Gautel 1996) and thus the thick filament

backbone, allowing the N-terminal regulatory domains the

flexibility to contact myosin heads or actin.

Considerable progress has been made over the last years

in understanding the molecular structure, interactions, and

phosphorylation regulation of cardiac myosin-binding

protein-C in healthy and diseased myocardium.

Most HCM-causing mutations in MYBPC3 are pre-

dicted to lead to premature stop codons and yet the trun-

cated protein appears to be degraded in vivo and has never

been identified in human heart tissue. Instead there is a

consistent haploinsufficiency, even with mutations that are

not expected to cause premature chain termination (Mar-

ston et al. 2009). As discussed in this issue (Marston et al.

2012; Schlossarek et al. 2012), missense mutations in

MYBPC3 can cause exon-skipping and generate premature

stop codons. Whilst reduction in MyBP-C content is known

to affect Ca2?-regulation (Hofmann et al. 1991), there is

also evidence that the missense mutation is expressed at the

same time as haploinsufficiency (Harris et al. 2011), thus

indicating the possibility of an additional poison peptide

mechanism for the effect of mutations in MyBP-C. In

contrast, (Vydyanath et al. 2012) show here that in cardiac

muscle with both MYBPC1 and MYBPC3 mutations

MyBP-C protein is incorporated properly within the 9

C-zone stripes, making it uncertain how such mutant pro-

teins act to produce the symptoms of myopathy.

Equally important for understanding both the physio-

logical as well as pathological implications of cardiac

myosin-binding protein-C is its regulation by several pro-

tein kinase pathways. MyBP-C phosphorylation by PKA

has been shown to be essential for normal heart function

(Sadayappan et al. 2006), the sites of phosphorylation in

human heart muscle have been identified and quantified

(Copeland et al. 2010) and the effects of MyBP-C phos-

phorylation on crossbridge dynamics and the rate of stretch

activation have been identified (Stelzer et al. 2006), thus

providing a potential role for MyBP-C phosphorylation in

the inotropic response to b-adrenergic stimulation. The

potential mis-regulation of MyBP-C-linked kinase signal-

ling in heart disease is likely an underestimated factor, as

discussed here (Bardswell et al. 2012; Knöll 2012; Kuster

et al. 2012). While N-terminal fragments due to premature

stop-codons do not accumulate detectably in the myocar-

dium of HCM patients, ischaemia-reperfusion injury leads

to the proteolytic cleavage of cardiac MyBP-C and the

liberation of full-length protein and at least two proteolytic

fragments (Jacquet et al. 2009; Govindan et al. 2012a) that

show, in agreement with other studies on N-terminal

fragments, tight localisation to the A-band (Govindan et al.

2012b). This suggests that such proteolytic MyBP-C frag-

ments might exert ectopic effects on myosin regulation that

could contribute to contractile failure in the reperfused

heart.

While considerable progress has been made in identi-

fying pathogenic mutations in cardiac MyBP-C and linking

its phosphorylation to distinct signalling pathways, the

issue of where and when it exerts its undisputed regulatory

role on contractility remains controversial: interactions and

actions on both myosin and actin filaments appear possible.

Articles in this issue provide current expert opinions on

recently accumulated evidence and provide new data on

MyBP-C turnover, phosphorylation, myofibrillar interac-

tions and pathomechanisms. Such insight into cardiac

MyBP-C should also further the understanding of the

skeletal muscle isoforms. We therefore hope that this

special issue will serve as a catalyst for future discussion

and research into this enigmatic protein, which has yet to

reveal many of its secrets.
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Knöll R (2012) Myosin binding protein C: implications for signal-

transduction. J Muscle Res Cell Motil. doi:10.1007/s10974-

011-9281-6

Kontrogianni-Konstantopoulos A, Ackermann MA, Bowman AL,

Yap SV, Bloch RJ (2009) Muscle giants: molecular scaffolds in

sarcomerogenesis. Physiol Rev 89:1217–1267

Kuster DW, Bawazeer AC, Zaremba R, Goebel M, Boontje NM, van der

Velden J (2012) Cardiac myosin binding protein C phosphoryla-

tion in cardiac disease. J Muscle Res Cell Motil. doi:10.1007/

s10974-011-9280-7

Marston S, Copeland O, Jacques A, Livesey K, Tsang V, McKenna

WJ, Jalilzadeh S, Carballo S, Redwood C, Watkins H (2009)

Evidence from human myectomy samples that MYBPC3

mutations cause hypertrophic cardiomyopathy through haploin-

sufficiency. Circ Res 105:219–222

Marston S, Copeland O, Gehmlich K, Schlossarek S, Carrrier L

(2012) How do MYBPC3 mutations cause hypertrophic cardio-

myopathy? J Muscle Res Cell Motil. doi:10.1007/s10974-

011-9268-3

Offer G (1972) C-protein and the periodicity in the thick filaments of

vertebrate skeletal muscle. Cold Spring Harbor Symp Quant Biol

37:87–95

Offer G, Moos C, Starr R (1973) A new protein of the thick filaments

of vertebrate skeletal myofibrils. Extractions, purification and

characterization. J Mol Biol 74:653–676

Okagaki T, Weber FE, Fischman DA, Vaughan KT, Mikawa T,

Reinach FC (1993) The major myosin-binding domain of

skeletal muscle MyBP-C (C-protein) resides in the COOH-

terminal, immunoglobulin C2 motif. J Cell Biol 123:619–626

Otey CA, Dixon R, Stack C, Goicoechea SM (2009) Cytoplasmic Ig-

domain proteins: cytoskeletal regulators with a role in human

disease. Cell Motil Cytoskelet 66:618–634

Pfuhl M, Gautel M (2012) Structure, interactions and function of the

N-terminus of cardiac myosin binding protein C (MyBP-C): who

does what, with what, and to whom? J Muscle Res Cell Motil.

doi:10.1007/s10974-012-9291-z

Sadayappan S, Osinska H, Klevitsky R, Lorenz JN, Sargent M,

Molkentin JD, Seidman CE, Seidman JG, Robbins J (2006)

Cardiac myosin binding protein C phosphorylation is cardiopro-

tective. Proc Natl Acad Sci USA 103(45):16918–16923

Schlossarek S, Mearini G, Carrier L (2011) Cardiac myosin-binding

protein C in hypertrophic cardiomyopathy: mechanisms and

therapeutic opportunities. J Mol Cell Cardiol 50:613–620

Schlossarek S, Schuermann F, Geertz B, Mearini G, Eschenhagen T,

Carrier L (2012) Adrenergic stress reveals septal hypertrophy

and proteasome impairment in heterozygous Mybpc3-targeted

knock-in mice. J Muscle Res Cell Motil. doi:10.1007/s10974-

011-9273-6

Stelzer JE, Patel JR, Moss RL (2006) Protein kinase A-mediated

acceleration of the stretch activation response in murine skinned

myocardium is eliminated by ablation of cMyBP-C. Circ Res

99:884–890

Vaughan KT, Weber FE, Einheber S, Fischman DA (1993) Molecular

cloning of chicken myosin-binding protein (MyBP) H (86-kDa

protein) reveals extensive homology with MyBP-C (C-protein)

with conserved immunoglobulin C2 and fibronectin type III

motifs. J Biol Chem 268:3670–3676

Vydyanath A, Luther P, Gurnett CA, Marston S (2012) Axial

distribution of myosin binding protein-C is unaffected by

mutations in human cardiac and skeletal muscle. J Muscle Res

Cell Motil. doi:10.1007/s10974-012-9286-9

Watkins H, Conner D, Thierfelder L, Jarcho JA, MacRae C,

McKenna WJ, Maron BJ, Seidman JG, Seidman CE (1995)

Mutations in the cardiac myosin-binding protein-C on chromo-

some 11 cause familial hypertrophic cardiomyopathy. Nat Genet

11:434–437

Welikson RE, Fischman DA (2002) The C-terminal IgI domains of

myosin-binding proteins C and H (MyBP-C and MyBP-H) are

both necessary and sufficient for the intracellular crosslinking of

sarcomeric myosin in transfected non-muscle cells. J Cell Sci

115:3517–3526

J Muscle Res Cell Motil (2012) 33:1–3 3

123

http://dx.doi.org/10.1007/s10974-012-9292-y
http://dx.doi.org/10.1007/s10974-011-9281-6
http://dx.doi.org/10.1007/s10974-011-9281-6
http://dx.doi.org/10.1007/s10974-011-9280-7
http://dx.doi.org/10.1007/s10974-011-9280-7
http://dx.doi.org/10.1007/s10974-011-9268-3
http://dx.doi.org/10.1007/s10974-011-9268-3
http://dx.doi.org/10.1007/s10974-012-9291-z
http://dx.doi.org/10.1007/s10974-011-9273-6
http://dx.doi.org/10.1007/s10974-011-9273-6
http://dx.doi.org/10.1007/s10974-012-9286-9

	Introducing a series of topical special issues of the Journal of Muscle Research and Cell Motility
	MYBPC3 special issue editorial
	References


