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Summarv

The ProPortÍons of three myosin heavy chains in rat soleus and EDt

areusedtocomputeatrÍplelinearregressionwhichpredictscorrectly
the maxima.I mechanical power and approximatelY the parameters b and a/Fo

of the Hill's' equations.

Introduction
-EIIi-.t muscre as well as fast-twitch muscle contain several

mllosin isozlmes in various proportions (review in svrytghedauw, 1987)'

Isomyosins have three kinds of heavy chains: myosin heavy chain 1

(uHc1),myosinheavychain2A(MHC2A)andmyosinheavychain28(MHC2B),
which are combined with several forms of light chains'- It is expected

that the relative proportions of the three heavy chains control the

mechanical parameters of the force-velocity relítion. This expectation

shou}dbètruenotonlywhencomparingslov,-tvJitcht,ithfast.twitch
rluscle,butalsowhencomparíngslow-twitch(orfast-twitchmuscles)
whichdifferbytherelativeproportionsofmyosinheaw'l,chains.Itis
the purpose of this paper to check this expectation'

Methods
Sqlgtrg(SoL)orextensord5-gitorumlongus(EDL)weredissectedfree

from outbred tíistar rats 95 to 105 ctays of age' They !íere tetanically

stimulated in an oxygenated Krebs solution at 20 1 0'5oc everY 3

minutes.Theirlengthwascontrolledbyane}ectromagneticergometer
andrecordedtogetherwiththeforceonafastlIVrecorder(2).The
length was adjusted at the start of the experiment so that the resting

force was 5!2t of the maximum isometric force Fo; fiber length (Lf) was

evaluated by microscopic measurgmentso of a few superficial fibres. The

force-velocitydata\^,erefittedtoallill'shyperbola(F+a/Fo)(v+b)
= b(1 + a/Fo), using an iterative least square method based on the

method of Gauss-Newton (3). The maximum power, Pmax' was computed as

b.Fo(1 + za/Fo - 2Jt(a/Fo)Z + a/Eo7)' The myosin heavy chains of a crude

extractinaGuba.Straubsolution!,ereseparatedbYelectrophorésison
glycerol-SDS-polyacrylamide gels ( 4) ; the zones r"ere quantified by

computerized densitometrY. The statistical calculations were performed

using the Statistical Package for Social Sciences (SPSS-PC+)'
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Àfter the experiments the myosin heavy
quantj-fied (Table 1). MHC1 varies from 82 to 97t
EDL. MHC2A varies from 3 to 18t in SOL and from
varies from 0 to 3t in SOL and from 42 to 74t in

chains are sepaxated and
in SOL and is absent, in
26 to 58t in EDL. MHC2B

EDL.

Mechanical parameters and myosin heavy chains of rat skeletal
muscle (means t standard deviation)

víeight. (mg)
Lf (mm)
Fo (mN)
stress (mN/mmz)
b (r,f/s)
a/Eo
IrÍnax (uvUmmJ )
MHcl (t total myosin)
MHC2A (t total myosin)
MHC2B (* total myosin)

SOL.(n=8)

173 r 35
24!t

1073 t 280
L24 ! 35

0.50 r 0.13
0.44 t 0. r.9

14r1
92!5
7r5
1r1

EDL (n=7;

148 1 35
30r2

1176 r 306
164 t 15

0.74 t 0.13
0.12 t 0.06

38 r 6
0
64!11
36!11

2. Correlations between mechanibal and biochemical variables.
We observe a strong correlation (Fig. 2À; r=0.96; P < O.OO1) bet$reen

the Hill's parameters a/Fo and b for SOL, whilst those of EDL are less
strongly correlated (1=0.65; NS). Examinition of the theoretical curves
computed for the case of'SOL muscle showed that the differences between
the curves are quite smaII, being much less impressive than would
suggest the wide variation in their parameters (Fig. 2A). In EDL to the
contrary, the rather small changes in the Hillrs constants (Fig. 1À)

correspond to sizeable changes of. the force-velocity curve. This
observation demonstrates that large changes in the coupled values of
a/Fo and b do not necessarily reflect large changes in the shape of the
force-velocity relation.

The linear correlations between mechanical and biochemical parameters
are reported in Tab1e 2. Since thèy are statistically significant and
quite 1arge, we may examine the hypothesis that a/Eo, b and pmax are
linear functions of the three myosin heavy chains:

Yz = b1 tMHCll'+ b2a [MHC2A] + b2s [MHc2Bl (Ee 1)
where Yz is the predicted variable and the b's are the coefficients of a

multiple regression. Predicted variables bz and Pmaxz agree satisfacto-
rily with the experimental variables b and Pmax (Fig. 2D, 2C,); the
agreement is less goöd beÈween az/Eo and a/Fo (fig. 28).

The correlations within muscles are weak or not Significant, and,
therefore, it is not possible to check whether the coefficients of the
multipte regression (Eq. 1) are also valid for SoL and EDL considered
separately.
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Table 2

Linear correlation coeff icients
myosin heavy chains.

between HiII's parameters and the

MHCl
MIIC2A
MHC28

a/Fo

0.77**
-0.69*
-0.76**

0.005 r 0.001
0.001 t 0.003
0.001 i 0.002

25**

b

0.70*
0.77**
0.51*

0.005 r 0.001
0.012 t 0.003
0.005 r 0.002

!29**

Pmax

-0.95**
0.88**
0.91**

.Coefficients of the mult:lple linear regression (Eq 1)
a/Fo (t) b (Lfl;) 'p,i"*'(uw/mm3),

0.13 t 0.05
0.75 r 0.25
0. 57 r 0. r-s

85**

Probability: *: ( 0.01; r.*: < 0.001. Data <.:f SOL and EDL are confoun-
ded (n=L5). E: E-test for multiple linear regression (degrees of
freedom: 3 for regression; !2 Íor residual).

Discussion
We have shown in this paper that it is possible to construct a triple

linear regression which allows to predict the mechanÍcal parameters of
the Hill's equation (a/Fo, b) and the maximal mechanical power (Pmax) as
a function of the relative proportions of the three adult myosin heavy
chains (MHC1, MHC2A, MHC2B). The exactness of the fit may be estimated
from the square of the coefficient of linear correlation, which is an
approximate measure of the proportion of the varj-ab1e variance "explai-
ned" by the multiple regression. Thus, g2Z of the variance of the
maximal mechanical power (Pmax) is accounted for by thè varying propor-
tions of the myosin heavy chains, whilst this latter accounts for only
59t of the variance of the Hill's parameter a/Fo and b: the content in
myosin light chains is a 1ikely complementary factor which might account
for the variance unexplained by the myosin heavy chains. These facts
suggest an interesting hypothesis which could be tested by further
experiments, namely that myosin heavy chains control the maximal
mechanical power whilst myosin light chains control the shape of the
force-vëlocity relationship.
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