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Abstract

Mammals exhibit marked morphological differences in the muscles surrounding
the jaw bone due to differences in eating habits. Furthermore, the myofiber properties
of the muscles differ with function. Since the muscles in the oral region have various
functions such as eating, swallowing, and speech, it is believed that the functional role of
each muscle differs. Therefore, to clarify the functional role of each masticatory muscle,
the myofiber properties of the adult mouse masticatory muscles were investigated at
the transcriptional level. Expression of MyHC-2b with a fast contraction rate and strong
force was frequently noted in the temporal and masseter muscles. This suggests that the
temporal and masseter muscles are closely involved in rapid antero-posterior masticatory
movement, which is characteristic in mice. Furthermore, expression of MyHC-1 with a
low contraction rate and weak continuous force was frequently detected in the lateral
pterygoid muscle. This suggests that, in contrast to other masticatory muscles, mouse
lateral pterygoid muscle is not involved in fast masticatory movement, but is involved
in functions requiring continuous force such as retention of jaw position. This study
revealed that muscles with different roles function comprehensively during complicated
masticatory movement.
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Gojo et al. investigated such changes in mouse
masseter muscle after weaning at the protein
level11). Furthermore, Shida et al. quantitatively
evaluated such changes in mouse masseter
muscle at the genetic level22). These studies
found that the myofiber properties of mouse
masseter muscle markedly changed after

Introduction

Recently, several studies have changes in
the properties of myofibers in the masticatory
and cranio-cervical muscles during the growth
and development period7,24). Focusing on wean-
ing in the growth and development stage,
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weaning, because the oral role changed from
lactation to mastication. To evaluate mouse
masticatory function, it is, therefore, neces-
sary to evaluate not only the masseter muscle,
but also other muscles1,17,23). However to the
author’s knowledge, no studies have investi-
gated such changes in mouse temporal, medial
or lateral pterygoid muscles.

Myosin, a protein required for muscle con-
traction, accounts for about half of the total
protein composition of myofibrils6,12,14–16,18). In
particular, the myosin heavy chain (MyHC),
which represents the major portion of the
myosin molecule, is known to best reflect
muscle function18). MyHC consists of sev-
eral isoforms and can be broadly classified
into fast muscle type isoforms (MyHC-2b,
MyHC-2d, MyHC-2a) and slow muscle type
isoform (MyHC-1) according to contraction
speed2,4,19–21,26). Furthermore, one study has
indicated that the proportions of different
MyHC isoforms characterize the properties
of different muscles13).

In this study, the function of these 4 mouse
masticatory muscles was compared by investi-
gating the expression of the genes coding the
MyHC proteins (MyHC isoforms).

Materials and Methods

1. Specimens
Five male mice at 9 weeks of age were

anesthetized with pentobarbital and sacri-
ficed according to the Guidelines for Animal
Experiments of Tokyo Dental College. The
masseter muscle, temporal muscle, medial
pterygoid muscle and lateral pterygoid
muscle from all mice were used for examina-
tion at the transcriptional level.

2. Reverse transcription polymerase chain
reaction analyses
Muscle was removed and snap-frozen in

liquid nitrogen, and mRNA was extracted
using the Quick Prep Micro mRNA Purifica-
tion Kit (Amersham Pharmacia Biotech UK
Ltd.). After establishing the optimal con-
ditions for all primers, mRNA expression

was quantified according to the standard
LightCycler™ protocol. As a hot start PCR
solution for the LightCycler™ (Roche Molec-
ular Biochemicals, Mannheim, Germany),
adjusted LC FastStart DNA Mastar SYBR
Green I (Roche Molecular Biochemicals) was
used. To the PCR mixture for demonstration
runs for each diluted PCR product, or 10.2�l
of sterile water, 2�l LC FastStart DNA Mastar
SYBR Green I containing �DNA (5 pg/�l),
SYBR Green I (1/60,000 dilution), and 1.6�l
MgCl2 (25mM) were added. Furthermore,
after adding 0.6�l each of Forward primer
(10 pmol/�l) and Reverse primer (10 mol/
�l) prepared using Oligo 5 primer design
(Biogene, Ltd., Kimbolton, UK), 5�l of each
diluted PCR product was added, thus bring-
ing the final reaction volume to 20�l. The
primers for MyHC-1, 2b, 2a and 2d were
designed by selecting a unique sequence
from the full DNA sequence of each isoform.
The nucleotide sequence of the primers
for each isoform was as follows: MyHC-1
(Forward: 5�-GAGTCCCAGGTCAACAAGC-3�,
Reverse: 5�-AACCCAGAGAGGCAAGTGAC-3�,
Accession: M12289); MyHC-2b (Forward:
5�-ACAGACTAAAGTGAAAGCC-3�, Reverse:
5�-CTCTCAACAGAAAGATGGAT-3�, Acces-
sion: XM_126119); MyHC-2a (Forward:
5�-CGATGATCTTGCCAGTAATG-3�, Reverse:
5�-ATAACTGAGATACCAGCG-3�, Accession:
NM-144961); and MyHC-2d (Forward:
5�-GACAAACTGCAATCAAAGG-3�, Reverse:
5�-TTGGTCACTTTCCTGCACTT-3�, Acces-
sion: AJ293626). To the PCR mixture, 14.2�l
sterile water, 2�l LC FastStart DNA Mastar
SYBR Green I containing �DNA (5pg/�l)
and SYBR Green I (1/60,000 dilution), 1.6�l
MgCl2 (25mM), and 0.6�l each of forward
primer (10pmol/�l) and reverse primer
(10 pmol/�l) were added. In addition, 1�l
target DNA was added to bring the final reac-
tion volume to 20�l. Each PCR mixture (20�l)
prepared in the above manner was added to
the glass section of each capillary. PCR was
performed at 95°C for 10 min, at 95°C for
10 s, 62°C for 10 s, and 72°C for 7 s, for a total
of 50 cycles. As for gene amplification, accord-
ing to a melting program of 70°C for 15s,
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fluorescence was continuously monitored at a
rate of 0.1�l per second during the transition
phase from 70 to 95°C. F1 (530 nm) was used as
a fluorescent channel, and the gain indicated
89.9°C for MyHC-1, 89.9°C for MyHC-2b,
88.2°C for MyHC-2a, and 89.6°C for MyHC-2d.
The amount of each MyHC isoform calcu-
lated by the above-mentioned methods was
divided by the amount of GAPDH, which was
one of the house-keeping genes, to determine
the mRNA expression of each isoform. The
base sequence of GAPDH was as follows: (For-
ward: 5�-TGAACGGGAAGCTCTCACTGG-3�,
Reverse: 5�-TCCACCACCCTGTTGCTGTA-3�,
Accession: NM_008084). Each PCR fragment
was verified as part of a MyHC isoform with
the ABI PRISM 310 Genetic Analyzer (Perkin-
Elmer Japan Applied Biosystem, Tokyo, Japan).

3. Statistical comparison
Statistical comparisons were made using a

one-way analysis of variance (ANOVA). Tukey’s
multiple comparison test was used for further
comparisons between the occlusal areas
(p�0.05), using the SPSS® software program
(SPSS Japan, INC., Tokyo, Japan).

Results

The expression of MyHC-2b mRNA was fre-

quently noted in the masseter and temporal
muscles, and the amount was higher in the
temporal muscle than in the masseter muscle.
Furthermore, the expression was slight in the
medial and lateral pterygoid muscles (Fig. 1).

Expression of MyHC-2d mRNA was found
in the masseter, temporal, and lateral ptery-
goid muscles, and the highest amount
was observed in the medial pterygoid muscle
(Fig. 2).

Almost no expression of MyHC-2a mRNA
was detected in the masseter or temporal
muscles. However, slight expression was
detected in the medial pterygoid muscle.
The lateral pterygoid muscle showed a higher
expression than the medial pterygoid muscle
(Fig. 3).

Almost no expression of MyHC-1 mRNA
was detected in the masseter, temporal or
medial pterygoid muscles, whereas the lateral
pterygoid muscle exhibited frequent expres-
sion of MyHC-1 mRNA (Fig. 4).

Discussion

Among the fast-type isoforms of the muscle
contractive protein myosin, MyHC-2b has
been reported to show the fastest contraction
speed, whereas MyHC-2a shows the slowest
contraction speed3,5,10). Adult mouse masseter

Function of Masticatory Muscle

Fig. 1 Amount of MyHC-2b mRNA expression ( : S.D. mean)
Expression was most frequently observed in masseter and temporal muscles.
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Fig. 3 Amount of MyHC-2a mRNA expression ( : S.D. mean)
Expression was only slightly detected in medial and lateral pterygoid muscles.

Fig. 4 Amount of MyHC-1 mRNA expression ( : S.D. mean)
Expression was most frequently observed in lateral pterygoid muscle.

Fig. 2 Amount of MyHC-2d mRNA expression ( : S.D. mean)
Expression was most frequently observed in the medial pterygoid muscle.
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muscle has been shown to consist of only
fast-type muscle fibers7,24). Gojo et al. (2002)
studied functional change in this type of mas-
seter muscle in detail by observing MyHC-2a/
MyHC-2b composition, and reported that its
properties greatly changed during the peri-
weaning period11). In addition, Usami et al.
(2003) found no such weaning-associated
characteristic changed in limb muscle25). They
showed that MyHC-2b, which is thought to
have a fast contraction speed and a high con-
traction force, was predominantly expressed
during the weaning period, suggesting this to
be the result of a shift to a chewing motion,
thereby leading to further development of
the function of the masseter muscle. There
have been several reports on the function of
MyHC-2b. In a study on adult rat extensor
digitorum longus (EDL), which, similar to
mouse masseter muscle, is classified as a fast-
type muscle requiring a very high contraction
force, EDL was shown to be composed solely
of MyHC-2b. In addition, it has become clear
that, when the function of EDL is reduced by
experimental denervation, MyHC-2a expres-
sion occurs during reduction of MyHC-2b9).
This demonstrates that EDL require a high
contraction force which ultimately acquires
the MyHC-2b isoform, while a decreased func-
tion eliminates the need for a high contraction
force, thus leading to expression of MyHC-2a.

Our results showed that, among mouse mas-
ticatory muscles, the temporal muscle showed
the fastest contraction rate and strongest
force, followed by masseter muscle. Further-
more, although the lateral pterygoid muscle
showed only a weak force, expression of
MyHC-1 with continuous force was frequently
observed in this muscle; therefore, it is sug-
gested that, during jaw movement, this muscle
plays a role in adjusting load applied to the
temporomandibular joint by other mastica-
tory muscles.

One report has compared the myofiber
properties of these 4 masticatory muscles in
human8). Although differences were observed
in masticatory functioning between human
and mouse masticatory muscle, certain simi-
larities have also been noted. For example,

during masticatory movement, the temporal
muscle showed a stronger force than the mas-
seter muscle, and jaw function was adjusted
by the lateral pterygoid muscle with a weak
force.

Muscles with different roles are, therefore,
believed to function comprehensively during
complicated masticatory movement.
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