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Summary &horbar; The content in slow and fast myosin heavy chains (MHC 1 and MHC 2) of 5 equine
muscles was determined using an enzyme-linked immunosorbent assay. The results obtained with this
immunoenzymatic method were compared with complementary techniques: electrophoresis and
immunohistochemistry. Slices of masseter, diaphragm, tensor faciae latae, semitendinosus and cuta-
neus trunci were obtained from a 12-year-old saddle horse after slaughter. Muscular proteins were specif-
ically extracted to be analysed by ELISA. The technique used 2 complimentary monoclonal antibodies
(MAb). MAb 1 was prepared from a human atrium specimen that reacted specifically against MHC 1.
Mab 2 was prepared from myosin of rabbit psoas muscle and reacted against MHC 2. The masseter
muscle contained solely MHC 1 (100%) and this was confirmed by electrophoresis and immunohis-
tochemistry. By contrast, the cutaneus trunci was very poor in MHC 1 (1.3%) and was entirely composed
of MHC 2 (98.7%) which was confirmed by the other techniques. The diaphragm, tensor fasciae latae
and semitendinosus contained 89, 40 and 2% of MHC 1, respectively. It was concluded that this
ELISA method made it possible to measure a wide range of MHC contents in equine muscles with a
good reproducibility. The results were consistent with those of the other fibre typing techniques. More-
over, this immunoenzymatic method is less time consuming than histological techniques and therefore
offers new perspectives for muscle fibre typing in the horse.
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Résumé &horbar; Méthode de dosage ELISA des chaînes lourdes de la myosine chez le cheval. La com-
position en chaînes lourdes de la myosine lente (MHC 1) et rapide (MHC 2) a été déterminée dans 5
muscles équins par une méthode de dosage ELISA. Les résultats obtenus par cette technique immu-
noenzymatique ont été comparés avec d’autres méthodes de typage des fibres musculaires : l’élec-
trophorèse et l’immunohistologie. Des tranches de masséter, de diaphragme, de Tensor fasciae latae,
de Semitendinosus, et de Cutaneus trunci ont été prélevées sur un cheval de selle de 12 ans eutha-
nasié pour colique. Les protéines musculaires sont extraites par une méthode spécifique et les chaînes



lourdes de la myosine sont dosées par une technique ELISA au moyen de 2 anticorps monoclonaux
(MAb) complémentaires. MAb 1 a été préparé à partir de muscle cardiaque de l’atrium humain et il réagit
spécifiquement avec MHC 1. MAb 2 a été préparé à partir de muscle psoas de lapin et réagit spécifi-
quement avec MHC 2. Le masséter est exclusivement composé de MHC 1 (100%), ce qui est confirmé
par l’électrophorèse et l’immunohistologie. À l’inverse, le Cutaneus trunci est presque exclusivement
constitué de MHC 2 (98,7% MHC 2). Le diaphragme, le Tensor fasciae latae et le Semitendinosus
contiennent respectivement 89, 40 et 2% de MHC 1. Cette technique de dosage ELISA des chaînes
lourdes de la myosine permet de mesurer avec une bonne reproductibilité des compositions très
variables en MHC sur les muscles du cheval. Les résultats de dosage sont en accord avec les autres
méthodes de dosage. De plus, pour effectuer le typage musculaire, la productivité de cette méthode
immunoenzymatique est plus grande que les techniques histologiques, ce qui ouvre de nouvelles
perspectives d’applications pour analyser des effectifs importants.
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INTRODUCTION

Numerous studies have been performed to
demonstrate the various effects of breed

(Gunn, 1978; Snow and Guy, 1980), age
(Essen et al, 1980; Roneus and Lindholm,
1991; Roneus, 1993), sex (Roneus and
Lindholm, 1991; Roneus, 1993), training
programme and detraining (Gottlieb-Vedi,
1988; Foreman et al, 1990; Valette et al,
1990; Sinha et al, 1991; Lopez-Rivero et al,
1991) on muscle fibre typing in the horse.
Since the first investigation of equine mus-
cle metabolism performed by Lindholm and
Piehl (1974), several classifications of mus-
cle fibre types have been proposed on the
basis of metabolic or contractile properties.
Sinha and Rose (1992) published a review
of the system of muscle fibre classification
and their limits in the horse. The histo-

chemical method based on the sensitivity
of myosin ATPase activity of different fibre
types to various pH has become the most
frequently used to identify 3 major types of
fibres in humans (Brooke and Kaiser, 1970)
and horses: slow-twitch fibres (type 1) and
fast-twitch fibres (type 2A and 2B). This pro-
vides quantitative information about the per-
centages and cross-sectional areas of fibre
types. Unfortunately, this is a time-con-
suming method, which reduces the extent of
its application to experimental studies. The

development of immunohistochemical tech-
niques offers new possibilities of differenti-
ation of fibre types using monoclonal anti-
bodies against tubulin (Horak et al, 1991)
or myosin heavy chains (Sinha and Rose,
1992). The production of monoclonal anti-
bodies against slow myosin heavy chain
and fast myosin heavy chain has been
undertaken in other species to develop
immunohistological and immunoenzymatic
techniques (Winkelmann etal, 1983; Danieli
Betto et al, 1986; Robelin et al, 1993).

The purpose of this study was to present
the application of an enzyme-linked
immunosorbent assay (ELISA) method for
measuring the percentage of slow and fast
myosin heavy chains (MHC 1 and 2) in 5
equine muscles. The reproducibility of the
method was calculated and the results were

compared with those obtained by immuno-
histochemistry and electrophoresis.

MATERIAL AND METHODS

Muscle samples

Slices of masseter, cutaneus trunci, semitendi-
nosus, tensor fasciae latae and diaphragm were
obtained from a 12-year- old horse (gelding, Selle
Frangais), slaughtered for colic which had not



affected muscle fibre. For each muscle, 3 samples
less 5 cm from each other were excised (fig 1 ).
Two samples were cut to obtain 4 sub-samples in
order to make the MHC analyses and a myosin
electrophoresis. One sample for immunochem-
istry was treated by immersion in isopentane and
frozen in liquid nitrogen and stored at-80°C until
analysis. The other samples were frozen in liq-
uid nitrogen and stored at-80°C until analysis.

Muscle fibre typing by an ELISA method

For each muscle sub-sample, 1 protein extrac-
tion was performed and a triplicate ELISA analy-
sis was performed from the same protein extract.
In order to verify the reproducibility of the analy-
ses, the procedure was repeated twice (2 d) on
the same extract (fig 1 ).

Specific protein preparation

A frozen muscle sub-sample (20-30 mg) was
crushed in 3 ml buffer saline solution: 0.5 mol/I
NaCl, 20 mmol/I sodium pyrophosphate (NaPPi),
50 mmol/I Tris, 1 mmol/I EDTA, 1 mmol/I dithio-
threitol (DTT). After 10 min at 4°C (on ice), the
sample was centrifuged for 5 min at 5 000 g. The
supernatant fluid was then mixed with glycerol
at a final concentration of 50% (v/v) and stored at
- 20°C until use. The protein concentration was
measured according to the method of Bradford
(1976), using a preparation of bovine serum albu-
min (BSA) at 1 mg/ml in the same buffer as the
standard.

Myosin heavy chain
monoclonal antibodies

In order to determine the percentage of MHC 1
and MHC 2 of various equine muscles, 2 compli-
mentary antibodies were used. The monoclonal
antibody MAb 1 (ref F36-5B9 from Biocytex, Mar-
seille, France) reacted specifically against slow
myosin heavy chain, MHC 1. It was prepared from
a human atrium specimen according to the con-
ditions described by L6ger et al (1985). The mono-
clonal antibody MAb 2 (NCL-MHCf, from Novo-
castra Laboratories Ltd, UK) reacted specifically
against fast myosin heavy chain (MHC 2), and
was obtained from myosin of rabbit psoas muscle
(Ecob-Prince et al, 1989).

ELISA

The method was adapted from the radio-
immunoassay used in poultry by Winkelmann et
al (1983) and then modified for cattle by Picard et
a/ (1994). An aliquot of the supernatant fluid stored
at -20°C was subsequently diluted in a solution
containing 0.02 mol/I Tris HCI, 0.5 mol/I NaCi (pH
7.4) at a working concentration of 2.4 pg of pro-
tein/ml. Fifty microlitres were placed in each well
of a microtiter plate which was incubated overnight
at 4°C. The following day the wells were rinsed 5
times with a solution containing 0.1 mol/I Tris HCI,
0.6 mol/I NaC[ (pH 7.4) and 0.1% (v/v) Tween 20.
One hundred microlitres of buffer containing 0.02
mol/I Tris HCI, 0.12 mol/I NaCl (pH 7.0), 0.1%
(v/v) Tween 20 and 10% (w/v) skimmed milk were
added to the wells. After an incubation period of 30
min at room temperature, the plate was rinsed 5
times with the wash solution.

Fifty microlitres of MAb 1 diluted 1/400 fold or
50 pl of MAb 2 diluted 1/20 000, both in phos-
phate-buffered saline containing 10% skimmed
milk (PBS) were then placed in each well. After an
incubation period of 90 min at room temperature,
50 pl of the secondary alkaline phosphatase-
labeled antibody (ref 315055-003, antimouse ]gG
from Jackson lmmunoresearch, Baltimore, PA,
USA) were added to each well and incubated for
90 min at room temperature. This was followed
by 5 washes in PBS and 2 washes with 1.5 mol/I
NaCI. Fifty microlitres of substrate (para-nitro-
phenylphosphate, Sigma) diluted to 1 mg/ml in a
solution containing 9.7% (w/v) diethanolamine,
1 mol/I HCI (pH 9.8) were added to each well.
The plate was developed for 1 h at room temper-
ature with the reaction stopped by the addition of



50 pl of 1 mol/I NaOH per well. Absorbance of
the final product was read at 405 nm with a
microtiter plate reader.

Calibration curves

A calibration curve of MHC 1 was constructed by
mixing equine masseter muscle and bovine serum
albumin (BSA, standard for the protein determi-
nation), diluted in TBS (Tris buffer). BSA was
used to respect a final protein concentration of
2.4 Ilg/ml. Increasing concentrations of MHC1
were obtained from 0% (100% BSA) to 100%
(100% masseter muscle). The calibration points
were treated like extracts. The calibration curve is
linear up to 80% MHC 1 (80% masseter muscle
+ 20% BSA) and was used for all the assays to
calculate the percentage of MHC 1 in each equine
muscle (fig 2).

In the same way, a calibration curve of MHC 2
was constructed by mixing equine cutaneus trunci
muscle and bovine serum albumin. Increasing
concentrations of MHC 2 were obtained from 0%
to 100% (100% cutaneus trunci muscle). The cal-
ibration curve is linear up to 100%.

For each muscle sample, the sum of MHC 1
and MHC 2 contents was never exactly equal to
100 because of the systematic error of the
method. The percentages of MHC 1 and MHC 2
were calculated so that the sum reached 100%:



Electrophoresis

In order to qualitatively compare the results
obtained with the ELISA method, an elec-
trophoresis was performed to identify the slow
and fast isoforms of the myosin heavy chain of
the 5 equine muscles. For each muscle one pro-
tein extract was used to make the electrophore-
sis. In addition, extracts of bovine masseter and
cutaneus trunci were also used as references on
the gel to identify the migrating locations of the
MHC 1 and MHC 2.

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-Page) was performed on
plates of 160 x 160 x 1.5 mm by the method
described by Laemmli (1970). The separation gel
had a 5-8% polyacrylamide gradient (Bar and
Pette, 1988) and the stacking gel was at 3.5%. To
improve resolution, the separation gel also con-
tained a 40% glycerol gradient (Sugiura and
Murakami, 1990).

Immunohistochemistry

Immunohistochemistry was used to show the
slow and fast fibres associated with the percent-
ages of slow and fast MHCs in the transverse
sections of the muscles. The immunofluores-
cence technique was described by Pons et at
(1986). The frozen samples of each muscle were
cut perpendicular to the fibre axes with a micro-
tome into 10 pm thick slices.

In order to reveal fast-twitch fibres, a mono-
clonal antibody reacting specifically against
MHC 2 was used (MAb F11315F4). This anti-
body has the same specificity as MAb 2 and it
was effective on frozen tisssus. It was prepared
from myosin of rabbit tibialis anterior (Léger et
at, 1985). The antibody MAb 1 described previ-
ously was used to reveal slow fibres. The per-
centages in fibre type 1 and 2 were determined on
microphotographs by counting 150-350 fibres of
cross-sectional areas.

Statistics

Descriptive statistics (mean and sd) were used
to present the mean percentages of MHC 1 and
MHC 2 obtained by the ELISA method in each
muscle. A 4-way analysis of variance was applied

to the 40 ELISA measurements in order to test
the muscle, site, sub-sample and day effects. In
order to quantify the reproducibility of the ELISA
method, a linear regression was calculated
between the results obtained on days 1 and 2

with the same protein extract. The correlation
between the percentages of MHCs, obtained by
ELISA method, and the percentages of fibre types
(1 and 2) estimated by histochemistry were cal-
culated.

RESULTS

ELISA measurements

Table I indicates the results obtained in the
5 equine muscles, for the 2 sites and the 2
sub-samples. The myosin heavy chain anal-
ysis revealed a wide range of MHC 1 and 2
contents from masseter to cutaneus. The
masseter was entirely composed of slow
twitch fibres (99.2% of MHC 1) and in con-
trast the cutaneus trunci was entirely com-
posed of fast twitch fibres (98.7% of MHC 2).
The diaphragm, tensor fasciae latae and
semitendinosus contained 88.8, 40.3 and
2.3% of MHC 1, respectively.

The model used in the analysis of vari-
ance was significant at p < 0.0001. The mus-
cle effect was highly significant (p < 0.0001)
but the cutaneus trunci and the semitendi-
nosus were not significantly different
(p > 0.05). There was also a significant site
effect within a muscle (p < 0.01 ) but neither

the sub-sample effect (F= 0.66) nor the day
effect (F= 0.44) was significant. Moreover,
there was a good linear relationship
(r! = 0.996) between the duplicate mea-
surements obtained on days 1 and 2. These
results confirmed an acceptable repro-
ducibility of the ELISA measurements.

The comparison of the percentages of
MHC 1 and the composition of fibre type 1
obtained by immunohistochemistry is pre-
sented in table II. The correlation between
MHC 1 percentages and the composition



of fibre type 1 observed by histochemistry
was high at 0.96 (p < 0.05). The values were
quite similar except for the diaphragm where
the MHC 1 content (89%) seemed to be
greater than the percentage of fibre 1 (61 %).

Electrophoresis

The slowest migrating MHC bands corre-
sponded to the fast myosin isofoms MHC 2
while the fastest migrating band corre-



sponded to the slow myosin isoform MHC 1
(fig 3). The bovine and equine masseter
had only one band corresponding to MHC 1
while the equine and bovine cutaneus trunci
showed another double-band of different
molecular weight, corresponding to the 2
types of fast myosin heavy chains: MHC 2A
and MHC 2B (fig 3). The double-band of
fast myosin heavy chains was just sepa-
rated for the bovine cutaneus trunci but not
for the equine muscles. The tensor fasciae
latae and diaphragm muscle showed 2
bands corresponding to a mixture of slow
and fast MHCs. The intensities of the MHC 2
band was greater than the MHC 1 band for
the tensor fasciae latae while the diaphragm
had a large MHC 1 band and a light MHC 2
band.

Immunohistochemistry

Type 1 fibres were lightly stained by reacting
with MAb 1 and fluorochrome. Type 2 fibres
appeared unstained by reacting with MAb 1
while they were lightly stained by reaction
with MAb F11315F4 and fluorochrome.

All the fibres in the transverse section of
the masseter were characterized as type 1
(fig 4). In contrast, the transverse section



of the cutaneus trunci revealed only types 2
fibres (fig 5). The diaphragm, tensor faciae
latae (fig 6) and semitendinosus had both
fibre types (table II).

DISCUSSION

The high affinity of the monoclonal antibod-
ies MAb 1 and MAb 2 for slow and fast

MHCs ensures a good accuracy of the mea-
surements assuming that each step of the
muscular protein extraction and ELISA pro-
cess is well controlled. According to the non-
significant day effect and the high correla-
tion between the duplicate measurements,
the reproducibility of the ELISA method was

acceptable for quantitative analysis of the
slow and fast MHCs in a muscle sample.
Moreover, this immunoenzymatic method is
less time consuming than histochemical
techniques. Thirty muscle samples (with a
triplicate measurement of MHC 1 and MHC 2
contents) can be extracted and analyzed by
1 person within 3 d.

The percentages of MHC 1 and MHC 2
were calculated using calibration curves
obtained by increasing concentration of 2
reference muscles: equine masseter and
cutaneus trunci. In this species, the mas-
seter was entirely composed of slow-twitch
fibres, probably because of its masticatory
function which requires endurance. The
bovine masseter was also shown to be

entirely composed of slow-twitch fibres
(Suzuki, 1977; Young and Davey, 1981;
Picard et al, 1994). In the present study, the
electrophoresis showed the same MHC 1
content in the equine masseter as in the
bovine masseter. In contrast, the cutaneus
trunci was almost entirely composed of fast-
twitch fibres, which contract suddenly to
move the skin of the flanks to repulse insects.
The same results were observed for the

bovine cutaneus trunci (Picard etal, 1994).
The standard was prepared by adding

one of the reference muscles (massseter or
cutaneus trunci) to a neutral protein in order
to keep the myosin concentration constant
for the ELISA. In this way, the calibration
curves were linear in a large range of MHC
contents. However, this mixture seemed to
induce a non-linearity for the high percent-
ages of MHC 1 (over 80%). Most of the
locomotor muscles usually analyzed for exer-
cise physiology studies have less than 80%
of MHC 1 (Valette et al, 1995). For exam-
ple, the gluteus medius contents between
11 and 27% of MHC 1, depending on the
depth of sampling (Kline et al, 1987).

The results obtained by the 3 techniques
of analysis were consistent from a qualitative
point of view. It was particularly emphasized
for the extreme muscles: masseter and cuta-



neus trunci. In the masseter, 100% of
MHC 1 was associated with only one band
comigrating with MHC 1 of the bovine mas-
seter, and only slow-twitch fibre types in the
transverse section. In the cutaneus trunci,
about 98.7% of MHC 2 was associated with
a double-band comigrating with MHCs 2A
and 2B, and only fast-twitch fibre types in
the transverse section. In the other mus-

cles, both types of fibres were observed.
The cross-sectional area of the fast-twitch

fibres was larger than that of the slow fibres,
as already shown in muscles of Standard-
breds (Roneus, 1993). According to the
mean results of Roneus (1993), the area of
a fibre 1 is 3.2 and 4.7 times smaller than
that of a fibres 2A and 2B, respectively.
Thus, the larger volume of the fast twitch
fibres includes a larger quantity of myosin
heavy chains. This phenomenon may
explain some of the differences observed
between the percentages of fibre types and
MHC contents.

The comparison between immunologi-
cal and histochemical techniques has been
undertaken previously by several authors. In
the horse, the myosin ATPase reaction has
been related to electrophoresis of native
myosin isoforms (Hermanson et al, 1991 ).
The correlation between MHC 1 composition
of muscle fibres and ATPase reaction has
been established in the rabbit (Staron and
Pette, 1986).

The ELISA method of muscle fibre typing
is less informative than histological tech-
niques because it only provides a percent-
age of MHCs without any information about
fibre type distribution in space, cross-sec-
tional areas and other characteristics of the
tissue such as capillary density. However,
the determination of the MHCs percentage
is based on the analysis of a larger mass
(30-200 mg) of muscle than in histological
techniques. Therefore, the ELISA results
could be more representative than the per-
centage calculated by counting the fibre
types over 200 fibres of a transverse section.

The coexistence of both MHCs in the

same fibre has been demonstrated in the
rat and implies that the dominant MHC
determines the histochemical type of a mus-
cle fibre (Danieli Betto et al, 1986). In this
case, the ELISA method should be more

appropriate to measure the mean MHCs
content of the fibres occurring during differ-
ent periods of postnatal development.

It may be concluded that the ELISA
method makes it possible to accurately mea-
sure a wide range of slow and fast MHCs
contents in equine muscles. The same
method could be developed for measuring
the MHC 2A and MHC 2B contents of the
muscle by producing other monoclonal anti-
bodies. In order to determine the myosin
composition, this immunoenzymatic method
is less time consuming than histological
techniques and therefore offers new appli-
cations for muscle fibre typing in horses.
For example, this technique will be applied
to large groups of horses for genetic studies.
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