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ChapterChapter 7 

MYOSINN HEAVY CHAIN ISOFORM COMPOSITION 
OFF HUMAN SINGLE JAW MUSCLE FIBRES 

Abstrac tt  Diversity in muscle contractile properties is based on the variability of 

contractilee properties of single muscle fibres which in turn is related to the presence 

off different myosin heavy chain (MyHC) isoforms. Human jaw muscles are featured 

byy many hybrid fibres expressing more than one MyHC isoform. The purpose of this 

studyy was to determine the proportion of each isoform within these fibres for 

evaluationn of the fibres' capacity of producing a large diversity in contractile 

properties.. Electrophoretic separation of MyHC isoforms was performed on 218 

singlee fibres of the temporalis and digastric muscles. Of these fibres, 100 were 

classifiedd as hybrid fibres. Most hybrid fibres co-expressed MyHC-IIA and -NX (n -

62);; a smaller number co-expressed MyHC-l and -MA (n - 14), MyHC-l and -1IX (n = 

12),, and MyHC-l, -IIA, and -IIX (n = 12). The proportion of the individual MyHC 

isoformss in the hybrid fibres varied highly, suggesting a large range of contractile 

propertiess among these fibres. 

Introductio n n 

Thee contractile properties of skeletal muscle fibres, e.g., their velocity of shortening, 

aree correlated with the type of myosin heavy chain (MyHC) isoforms they contain. In 

humann adults, three major MyHC isoforms can be detected, namely, MyHC-l, which 

iss found in slow contracting fibres, and MyHC-IIA and MyHC-IIX. which are found in 

fast-contractingg fibres; MyHC-IIX fibres can contract faster than MyHC-IIA fibres 

(Bottinellii et ai. 1996). Jaw muscle fibres can also express two other MyHC 
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isoforms.. namely. MyHC-cardiac >/. which is normally present in the atrium of the 

heart,, and MyHC-fetal. which is normally present in developing and regenerating 

muscles.. Next to fibres that express only one MyHC isoform. there are also fibres 

whichh co-express more than one MyHC isoform. the so-called hybrid fibres. The latter 

fibress are abundantly present in human jaw-closing muscles (Korfage and Van 

Eijden.. 1999. 2000: Monemi et ai. 2000: Korfage et ai. 2000. 2001). The occurrence 

off fibres containing various proportions of different MyHC isoforms can be considered 

ass an important mechanism contributing to the large functional diversity of a 

particularr muscle. 

Mostt studies that investigated the distribution of different fibre types in human 

jaww muscles used either ATPase histochemistry (Eriksson ef ai. 1982: Ringqvist et 

ai-.ai-. 1982: Eriksson and Thornell. 1983). immunohistochemistry (Korfage and Van 

Eijden.. 2000: Korfage et ai. 2000). gel electrophoresis (Korfage and Van Eijden. 

2002).. or a combination of these three techniques (Sciote ef ai. 1994). ATPase 

histochemistryy and immunohistochemistry can distinguish hybrid fibres from pure 

fibres.. However, these methods are not suitable for quantifying the proportions of 

differentt MyHC isoforms within single hybrid fibres. A variation in proportion of a 

particularr MyHC isoform woulc suggest that a continuum of contractile properties 

existss within the jaw muscles. Tie aim of the present study was to determine the 

MyHCC contents of single fibres of human jaw muscles and to investigate the 

proportionss of individual MyHC isoforms within the hybrid fibres. 

Material ss  and Method s 

Inn total. 221 single fibres were isolated from the postenormost portion of the 

temporaliss (n = 117). and from both bellies of the digastric muscle (anterior belly: n = 

52,, posterior belly: n = 52) of four human Caucasian cadavers (three males and one 

female,, range of age: 47 - 95 years). Of these four cadavers, two were partially 

dentate,, the other two had upper and lower dental prostheses. The individuals were 

withoutt known systemic disorders None of the muscle specimens contained signs of 

musclee disease on the basis of histological examination. The use of human muscles 

conformss to a written protocol that was reviewed and approved by the Department of 

Anatomyy and Embryology of trie Academic Medical Center of the University of 
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Amsterdam. . 

Thee muscles were obtained within 12 to 36 hours post mortem. After the 

muscless were exposed, they were cut from their attachment sites and rapidly frozen 

inn liquid nitrogen-cooled isopentane. From each frozen muscle, a bundle of fibres 

(approximatelyy 5 mm long, containing about 200 to 500 fibres) was cut out and 

freeze-driedd overnight. Single fibres were microdissected from these bundles 

followingg a procedure similar to that described for human limb muscles (Essen et a/.. 

1975).. The single fibres were dissected out by a couple of metal needles under a 

dissectionn microscope During this procedure, great care was taken to ensure that 

thee dissected fibre was not contaminated by parts of other fibres. Each fibre was then 

dividedd into two segments for gel electrophoresis and for microscopical examination. 

GelGel Electrophoresis 

Thee fibre segments destined for gel electrophoresis were diluted in sample buffer 

[15%% (w/v) glycerol, 2% (w/v) DTT, 0.01% (w/v) bromophenol blue, and 1% (w/v) 

SDSS in 62.5 mM Tris/HCI buffer. pH 6.8]. The fibres were lysed for 2 minutes at 

100:CC and were then stored at -80"C until processed for protein separation. 

Gell electrophoresis was performed in presence of SDS in high glycerol 

containingg (30%) gels (0.75 mm thickness) with an acrylamide to ö/s-acrylamide ratio 

off 67:1 in the separating gel (9% total acrylamide. pH 8.8) and of 50:1 in the stacking 

gell (4% total acrylamide, pH 6.8) (modified from Taimadge and Roy. 1993). The 

singlee fibre samples were run at constant current (13.5 mA) for a total of 29 hours 

usingg a custom-built electronic timer device (pulse unit) connected to a power supply 

thatt switched the running current on and off (Sant'Ana Pereira ef a/.. 2001). After 

runningg was completed, the gels were silverstained and blue-toned (Berson. 1983) 

forr a better quantification of the MyHC isoform bands. 

Thee gels were scanned with an LKB 2202 Ultrascan laser densitometer (LKB. 

Bromma.. Sweden). The MyHC isoforms were identified on basis of migration as 

MyHCC types I. IIA, and MX. The total integrated area of the three MyHC peaks was 

sett to 100, and each individual area was expressed as a percentage of the total 

MyHC. . 
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Fibree type 

Typee 1 
Typee IIA 
Typee NX 
Totall pure f-bres 

Typee IIA+IIX 
Typee l + IIA 
Typee l + MX 
Typee l + IIA+IIX 
Totall hybrid fibres 

Tee m p 
nn : 

30 0 
ö ö 

9 9 
47 7 

43 3 
9 9 

6 6 
9 9 

67 7 

j ra i i s s 

266 3 
77 0 
77 9 

411 2 

37.7 7 
7.9 9 
5.3 3 
7.9 9 

58.8 8 

Digastic c 
Anterior r 

n n 

8 8 
10 0 
20 0 
36 6 

9 9 

2 2 
3 3 
0 0 

14 4 

oeNy y 
" Ü Ü 

15.4 4 
19.2 2 
388 5 
73.1 1 

177 3 
3.8 8 
5.8 8 
0 0 0 

26.9 9 

Dig g 
Poste e 
p p 

9 9 
17 7 

7 7 

33 3 

10 0 
3 3 
3 3 
3 3 

19 9 

astric c 
lor r belly y 

~'~'  -
177 3 
322 7 
13.5 5 
63.5 5 

19.2 2 
5.8 8 
5.8 8 
5 8 8 

366 5 

Tabl ee 7.1 
IndivKJua11 f'bre types of single musole ' ' I res of the temporalis and digastric musc :es based on ge: 
electrophoresis. . 

nn - number of fiores 
.. = percentage of total number o f fibres 

MicroscopicalMicroscopical  Examination 

Thee fibre segments that were used for microscopical examination were embedded in 

aa double layer of 15% gelatine. Twenty fibre segments were placed in each block of 

gelatine.. This block was frozen in liquid nitrogen and transported to a cryomicrotome 

(Modell HM 500 M. Adamas Instruments BV, Leersum, the Netherlands). Serial 

transversee sections of 10 um were cut and collected on slide glasses coated with 

Vectabond : vv (Vector Laboratories, Inc., Burlingame, CA USA). We then examined 

alll fibres under a microscope to check whether the fibres were single or not. Fibres 

thatt were found not to be single were omitted from the study. 

Inn total, 92 single fibres were selected at random for immunohistochemical 

examination.. Therefore, the sections of these fibres were incubated with monoclonal 

antibodiess raised against purified myosin (Bredman et a/., 1991). namely, antibodies 

219-1D1.. 333-7H1. 332-3D4, 249-5A4. recognising MyHC-l. MyHC-IIA. MyHOIIA 

andd MyHC-IIX, and MyHC-cardiac u.. respectively, and antibody NCL-MyHCn 

(Novocastraa Laboratories Ltd. Newcastle Upon Tyne. UK), recognising MyHC-fetal. 

Thee indirect unconjugated immunoperoxidase technique (PAP-technique) was 

appliedd to detect the specific binding of the different antibodies. Nickel-

diaminobenzidinee was used to visualise the immune-labelling. 
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AA Antibody 
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Figuree 7.1 
Immunohistochemicall (A) and electrophoretic (B) characterisation of single human jaw-muscle fibres. 
Consecutivee fibres (1-5) were immunolabelled with antibody 332-3D4 (anti-MyHC-IIA and -IIX). 333-7H1 
(anti-MyHC-IIA),, and 219-1D1 (anti-MyHC-l). MyHC composition of fragments of the same fibres was 
determinedd by gel electrophoresis. Only MyHCs are shown. Fibre types are: pure type I (2), pure type IIA 
(5).. pure type IIX (4). and hybrid type IIA+IIX (1 and 3). 

Result s s 

Afterr microscopical examination of the slides, three of the 221 fibres were found not 

too be single . These fibres were excluded from the study. Based on the migration 

speedd of the proteins, the remaining 218 single fibres were characterised into thei r 

fibree type (Table 7.1). Three distinct MyHC isoforms could be identified by migration, 

namely,, MyHC type I. IIA. and IIX (Fig. 7.1). In contrast to the electrophoretic 

separationn of MyHC isoforms, the present antibody panel was unable to distinguish 
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II I MyHC-l 

PSS^^ MyHC-IIA 

II I MyHC-IIX 

l/IIAA 1/1IX IIA/IIX l/IIA/IIX 

Hybridd Fiber Type 

Figur ee 7.2 
Plotss of the MyHC proportions within hybrid fibre types l+IIA (n = 14). I+IIX (n = 12). IIA+IIX (n = 62), 
andd l+IIA+IIX (n = 12) of the temporalis and the digastric muscles. The median is indicated by the 
thickk horizontal bar. The 75th and 25th percentiles are indicated by the top and bottom of the box; 
hybridd fibres that contain the highest or lowest percentage of a particular MyHC isoform are indicated 
byy the thin horizontal bars. 

hybridd fibres that co-expressed MyHC-IIA and -IIX from pure fibres that express only 

MyHC-IIAA (compare fibres 1 and 3 with fibre 5 in Fig. 7.1). An extra band 

correspondingg to MyHC-fetal was not observed. Also, among the 92 single fibre 

sections,, no immunolabelling was seen with the MyHC-fetal antibody. In three fibres. 

ann extra band was seen which migrated closely above the MyHC-l band which might 

correspondd to MyHC-cardiac a, since the sections of these fibres were 

immunolabelledd with the antibody against MyHC-cardiac a. However, this band was 

difficultt to separate by the laser densitometer. Therefore, MyHC-cardiac a was not 

consideredd further in the evaluation of the present study. 

Thee fibres were found to express either one MyHC isoform (pure fibres, n = 

118)) or more than one MyHC isoform (hybrid fibres, n = 100). Noteworthy, the 

relativee numbers of pure and hybrid fibres, and of slow (MyHC-l) and fast (MyHC-IIA 

andd -NX) fibres, differed between the temporalis and digastric muscles (Table 7.1). 

Thee temporalis had more pure slow fibres than pure fast fibres; the reverse was true 
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forr the digastric. The temporalis contained more hybrid than pure fibres, while the 

digastricc showed the opposite. Between the two bellies of the digastric, a difference 

wass seen in the proportion of the fast MyHC isoforms. i.e.. the anterior belly had 

moree fibres expressing MyHC-1IX. while the posterior belly had more fibres 

expressingg MyHC-IIA. 

Inn both the temporalis and digastric muscles, the predominant hybrid fibres 

weree fibres co-expressing MyHC-IIA and -IIX (Table 7.1). A smaller number of hybrid 

fibress co-expressed either MyHC-l and -HA, MyHC-l and -NX. or MyHC-l. -IIA. and 

-IIX.. The proportions of the MyHC isoforms within the hybrid fibres varied largely (Fig. 

7.2).. For instance, the sample of hybrid MyHC-IIA+IIX fibres consisted, on the one 

extreme;; of fibres with a relative small proportion (< 10%) of MyHC-IIA and a large 

proportionn (>90%) of MyHC-IIX, while, on the other extreme, there were fibres with a 

largee proportion of MyHC-IIA and a small proportion of MyHC-IIX Note that in the 

MyHC-ll + IIX fibres, the proportions were not normally distributed, and that about 50% 

off the fibres contained about 90% MyHC-IIX In general, in all observed combinations 

off MyHC isoforms, there was a predominance for the fastest isoform; the mean 

proportionn of MyHC-IIA in hybrid MyHC-l+IIA fibres was 58.6%. of MyHC-IIX in 

MyHC-l+IIXX fibres 71.0%. of MyHC-IIX in MyHC-IIA + IIX fibres 62.2%. and of MyHC-

IIXX in MyHC-l + IIA+IIX fibres 63.0%. 

Discussion n 

Too our knowledge, this is the first study that used single fibres of human jaw muscles 

too determine the MyHC isoform composition in fibres co-expressing more than one 

MyHCC isoform. Earlier studies on single fibres addressed the relationship between 

fibree type and shortening velocity of the masseter muscle in rabbit (Sciote and 

Kentish,, 1996) and in human (Morris et a/.. 2001). Most studies investigated single 

fibress from limb and trunk muscles (e.g.. Larsson and Moss, 1993: Andersen et a/.. 

1994).. The lack of studies on single fibres of jaw muscles might be explained by the 

factt that these fibres are more difficult to dissect because of their smaller size (both in 

diameterr and length) compared to limb and trunk muscle fibres (Polgar et al'.. 1973). 

Withh the antibody panel we used, we were unable to distinguish hybrid MyHC-

IIA+IIXX fibres from pure MyHC-IIA fibres (Fig. 7.1). Therefore, in our earlier work 
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hybridd MyHC-IIA+IIX fibres were classified as pure MyHC-IIA fibres (Korfage and Van 

Eijden.. 1999: Korfage et al.. 2000. 2001). By using gel electrophoresis, we were now 

ablee to separate MyHC-IIA from MyHC-IIA+IIX fibres and noticed that about 40% of 

thee fibres in our sample from the temporalis and about 20% of the fibres from the 

digastricc muscle sample were actually hybrid fibres that co-expressed both MyHC-IIA 

andd -MX. Thus, in our earlier studies, the amounts of pure MyHC-IIA fibres were 

overestimatedd (about 6 times in the temporalis and about 1.8 times in the digastric). 

Thee abundance of hybrid MyHC-IIA+HX fibres found in the present study is in 

agreementt with the results of an immunohistochemical study of the digastric muscle 

inn elderly (Monemi et at.. 2000). where an antibody panel was used that could 

distinguishh hybrid MyHC-IIA+IIX fibres from pure MyHC-IIA fibres. Similarly, many of 

thesee hybrid fibres were found in human laryngeal muscles (Wu et al.. 2000). The 

overalll difference in fibre type composition (pure and hybrid) between the temporalis 

andd the digastric muscles, and between both bellies of this muscle (Table 7.1), was 

alsoo noticed in earlier ATPase rnstochemica! (Eriksson et a/.. 1982: Eriksson and 

Thornell.. 1983) and immunohistochemical (Korfage and Van Eijden, 1999. 2000: 

Korfagee et al.. 2000, 2001: Monemi et at.. 2000) studies. 

Inn the present study. MyHC-fetal could not be distinguished by 

electrophoresis.. In three fibres an extra band was seen in the gels which might 

correspondd with MyHC-cardiac u. because sections of these fibres were 

immunolabelledd with the MyHC-cardiac </ antibody. In an immunohistochemical study 

onn sections of the temporalis (Korfage and Van Eijden, 1999) we found that MyHC-

cardiacc u and MyHC-fetal were expressed in. respectively, about 5% and 9% of the 

fibress in the postenormost muscle portion. In the present sample, a lower percentage 

(aboutt 3%) of the fibres expressed MyHC-cardiac </. and none of the fibres 

expressedd MyHC-fetal. We have no explanation for the absence of fibres expressing 

MyHC-fetal.. Maybe the proportion of this MyHC isoform is too low for detection, or its 

bandd co-migrates with another MyHC band. Further analysis should be made to 

investigatee the MyHC contents of these particular MyHC isoforms in muscle fibres. 

Thee shortening velocity as determined by the slack test (Vo) showed that, in 

humann limb muscles, pure MyHC-l fibres are approximately four times slower than 

MyHC-IIAA fibres, and approximately ten times slower than MyHC-IIX fibres (Bottinelli 

etet al.. 1996). The shortening velocity of hybrid fibres is said to lie between the 

individuall MyHC isoforms they express (Larsson and Moss. 1993: Bottinelli et a/.. 

1996).. The various hybrid fibre types that are found in the jaw muscles would. 
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therefore,, result in a more smooth transition of contractile properties (Butler-Browne 

etet ai. 1988). This is needed to produce a controlled positioning and force induction of 

thee mandible during complex tasks like speaking and chewing. We found that the 

proportionss of individual MyHC isoforms in hybrid fibres are highly variable. Such a 

continuumm within hybrid fibres was also found in human limb (Larsson and Moss, 

1993)) and laryngeal muscles (Wu ef ai. 2000); and in rabbit limb muscles (Peuker 

andd Pette, 1997). This large variability suggests that, also in the jaw muscles, a large 

rangee of variability of contractile properties exists among fibres containing a particular 

combinationn of MyHC isoforms. This diversity in contractile fibre properties 

contributess to the heterogeneous function of the jaw muscles and is consistent with 

earlierr reports on the heterogeneity of contractile properties of masticatory motor 

unitss (Kwa et ai. 1995b; Turkawski and Van Eijden. 2001; Van Eijden and Turkawski, 

2001).. Interestingly, the hybrid fibres in our sample had a tendency for the expression 

off the faster MyHC isoform. 

Wee also found that approximately 5% of the fibres co-expressed MyHC-l and 

-NXX but not MyHC-IIA. These hybrid fibres were also found in the soleus of the rat 

whichh was affected by hyperthyroidism and reduced mechanical loading (Caiozzo ef 

ai.ai. 1998). Apparently, transitions of MyHC isoforms do not always follow the orderly 

transitionn of MyHC-l < * -MA < + -NX as suggested by Schiaffino and Reggiani (1994). 

Furtherr investigations are needed to elucidate these particular hybrid fibre types in 

humann jaw muscles. 

Itt should be noted that MyHC is not the sole protein that determines the 

contractilee properties (Bottinelli, 2001), and that a large variation in properties exists 

withinn fibres that express the same MyHC isoform. A recent study (Morris et ai. 

2001)) noticed a large variability in unloaded shortening velocities of pure single 

MyHCC type I fibres of the human anterior superficial masseter. The reason for the 

variationn among these pure MyHC type I fibres might be that the MyHC-l isoform 

consistss of different subforms, each with a slightly different physiological property. 

Thiss hypothesis is supported by the finding that, in the adult rabbit masseter. four 

differentt subforms of MyHC-l are expressed (English ef ai. 1998). Furthermore, a 

recentt study identified three novel MyHC genes in humans which are structurally 

closee to the MyHC type I isoform (Desjardins ef ai. 2002). Whether these isoforms 

aree expressed in the human jaw muscles is still unclear. 
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