
MYOSIN FROM MICE 

If time factors are considered, transketolase 
levels are related to thiamine content in the 
presence of a normal liver. In contrast, there 
is no correlation between enzyme and vitamin 
levels in the presence of experimental liver 
necrosis. This is due to the fact hepatic 
injury accentuates the disparity between rate 
of reduction of thiamine and transketolase 
levels during vitamin depletion and impedes 
or prevents the restoration of tissue thiamine 
during replacement therapy. Interference 
with conversion of free thiamine to its meta- 
bolically active coenzyme and to synthesis 
of its apoenzyme is contributory since, in the 
presence of active hepatic necroses, there is 
incomplete response to both in vitro and in 
vivo addition of thiamine pyrophosphate. 

Summary. Transketolase activity in rat 
liver and red blood cells is decreased at  a sig- 
nificantly slower rate than circulating or tis- 
sue thiamine in dietary-induced thiamine de- 
ficiency; superimposition of carbon tetra- 
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chloride-induced liver necrosis on thiamine 
deficiency increases the disparity between 
alterations of vitamin and enzyme levels. Re- 
placement therapy in thiamine deficient ani- 
mals with a normal liver only slowly restores 
tissue thiamine and transketolase; in the 
presence of active liver necrosis low tissue 
vitamin and enzyme levels persist despite 
administration of thiamine. 
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Myosin, one of the principal contractile 
proteins in muscle, is considerably reduced 
in quantity in various forms of muscular dys- 
trophy and atrophy( l - s ) ,  but little is known 
about any qualitative changes of these pro- 
teins and their possible relation to the wast- 
ing process. This paper deals with the prop- 
erties of myosin from mice with hereditary 
muscular dystrophy( 6 ) ,  particularly in terms 
of its macromolecular structure in solution. 

MateriaEs and methods. Roscoe B.  Jackson 
Memorial Laboratory, Bar Harbor, Maine, 
supplied dystrophic mice and control litter 
mates of strain 129. They were sacrificed 
when 2-3 months old. Myosin was extracted 
repeatedly from their hind legs by the pro- 
cedure of Hasselbach and Schneider ( 7 ) ,  and 
it was freed of actomyosin and other impuri- 
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ties by at  least 2 cycles of fractional precipi- 
tation. Sarcoplasmic proteins were obtained 
by extraction with 0.1 JL K-phosphate buffer, 
pH 7.5, in the cold for 2 hours. They were 
further fractionated in an LKB paper elec- 
trophoresis instrument (8) in 0.1 p K-phos- 
phate buffer, pH 6.4, at 1"-2OC for 16 
hours a t  5 volts/cm. Quantitative determina- 
tion of muscle protein fractions (sarcoplasm, 
myosin, actin, and stroma), which were ob- 
tained by differential extraction ( 7 ) ,  was done 
by Nesslerization( 9) or the Biuret method 
(10). Actin was prepared from rabbit skele- 
tal muscle by the procedure of Mommaerts 
(11) .  ATPase activity of myosin was as- 
sayed at  25°C for 3 minutes in media con- 
taining 0.25 mg myosin/ml, 30 mM KCI, 
20 mM histidine buffer, pH 7.0, and either 
10 mM Ca Clz, 5 mM ATP or 1 mM Mg 
SO4, 1mM ATP. The latter medium was also 
used to assay activation of myosin ATPase 
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TABLE I. Fractionation of Muscle Proteins from 
Mice. 

mg protein N/g muscle wet wt 
Control Dystrophic P 

Sarcoplasm 7.5 2 1.0 7.5 2 1.5 

Actin 7.0 2 1.0 7.5 -t. .9 
Stroma 5.6 .9 6.5 -+- .9 <.05 

Myosin 9.4 f 2.0 4.9 f 1.2 <.OOl 

by F-actin (0.025 mg/ml). The inorganic 
phosphate liberated was determined by the 
method of Rockstein and Herron(l2). The 
ability of myosin to combine with F-actin 
was tested in a medium containing 1.5 mg 
myosin/ml, 0.5 mg F-actin/ml, 0.5 M KCl, 
pH 7.0, at 25°C. It is expressed according 
to Weber and Portzehl( 13) as ATP sensi- 
tivity. The physical-chemical studies of myo- 
sin were done in 0.4-0.6 M KCl, 0.05 M 
K-phosphate buffer, pH 6.8. The viscosity 
number (14) was determined at  0.15”C in a 
Cannon-Fenske viscometer. Sedimentation 
velocity experiments were performed in the 
Spinco Model E analytical ultracentrifuge. 
Light scattering was measured in a Brice- 
Phoenix photometer( 15) a t  436 mp over an 
angular range from 26”-135” after the solu- 
tions had been centrifuged in the preparative 
ultracentrifuge at  30,000 rpm for 3-4 hours 
and then pipetted off from the tubes in the 
rotor with a special pipetting assembly( 16). 
The weight-average molecular weight and the 
z-average radius of gyration of the myosin 
molecules were derived from the Zimm plot 
of the data( 17). A value of 0.208 ml/g for 
the refractive index increment was taken 
from the literature for rabbit myosin( 18). 
Statistical significance of the data was evalu- 
ated by Student’s “t” test (19). 

Results. Table I shows distribution of pro- 
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FIG. 2. Concentration dependence of sedimenta- 
tion coefficients ( s m ( S ) )  of myosin from control (0) 
and dystrophic ( a )  mice. 

FIG. 3. Zimm plot of light scattering intensities 
of myosin from control (0, 0.57 mg/ml) and dys- 
trophic (a ,  0.53 mg/ml) mice. 

tein nitrogen among various muscle fractions. 
The decrease of myosin to about half the 
normal value was statistically very signifi- 
cant (P < 0.001 ) . The amounts of sarcoplas- 
mic proteins and actin were alike in 2 groups. 
Protein in the insoluble residue after exhaus- 
tive extraction (largely collagen) increased 
somewhat (P< 0.05) in the dystrophic group. 
Further fractionation of the sarcoplasmic 
proteins by paper electrophoresis yielded 5 
bands. The relative concentrations for cor- 
responding fractions were similar in the 2 
groups, except for the fastest component, pre- 
sumably myoalbumin, which, in the dystro- 
phic group, was significantly increased from 

The ultracentrifuge patterns of myosin 
from both groups of mice were very much 
alike (Fig. 1) .  The peak appeared homo- 
geneous, but there was always a small amount 
(less than 5% of the total) of another, faster 
sedimenting, component. Fig. 2 shows the 
variation of sedimentation coefficient with 
concentration; there was no difference be- 
tween the two myosins. The extrapolation 
to zero concentration yielded a sedimentation 
constant of 5.8 S. 

3.2 t 1.6% to 6.9 +- 2.870 (P<O.Ol). 
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TABLE 11. Light Scattering of Mouse Myosin. 

Molecular wt X l o 3  Radius of gyration, h Length of rod, A Diameter, B 

Control 510 +40 448 k 2 3  1550 2 80 27.6 t 1 . 4  
Dystrophic 567 +90, 770 e l 4 6  448 245 ,  705 t 1 2 5  1550 +160, 2440 +440 29.0 e2.2,  27.0 e 2 . 1  

Fig. 3 illustrates a Zimm plot of the light 
scattering intensities of myosin of about the 
same concentration in the 2 groups. The 
curves for the controls usually were close to 
linear over a wide angular range and thus 
could readily be extrapolated to zero angle. 
Those for the dystrophic mice, however, con- 
sisted of 2 segments of different slopes both 
of which were extrapolated to zero angle 
for calculation of the molecular parameters. 
On the assumption of a rod-like shape, as 
with rabbit myosin( 18), the length and di- 
ameter of the myosin molecules were calcu- 
lated from the molecular weight and radius 
of gyration. Table I1 presents mean values 
with their standard deviations of the light 
scattering results for 11 experiments in each 
group. Both the molecular weight and radius 
of gyration were significantly increased 
(P<O.OOl) when the extrapolation was done 
from the lower part of the angular range 
(70'-26'). Their standard deviations indi- 
cate a much wider range of values than for 
the controls. The extrapolation from the 
upper part of the angular range (135'-70°), 
ho&ever, yielded values similar to those for 
the controls. Thus the myosin from dys- 
trophic mice appeared to be more polydis- 
perse. I t  seemed to consist largely of a com- 
ponent of the same weight and size as myosin 
from controls, but also of heavier and larger 
particles. Both myosins had a viscosity 
number of 0.17 ml/mg; thus the overall 

shape of the molecules was not changed in 
the dystrophic process. 

Table I11 shows that the characteristic 
prqpgrties $€ myosin, i.e., its ATPase activity 
and, its abilit.. to combine with actin (ATP 
sensitivity), were, got affected by the disease. 

Discussion. Thg pronounced loss of myo- 
sin and, a t  the, same time, the relative in- 
crease of myoalbumiv in dystrophic muscle 
may perhaps,be related to rn interesting 
study by Kasqvina .et aZ( 20). These authors 
fouqd that in rabbits the ampunt of myoal- 
bumin was highest in the embryonic state 
and then gradually decreased its the animals 
matured, Myosin or actomyosin, however, 
showed the opposite trend. Thus the dys- 
trophic muscle may still be in an embryonic 
state or may have returned to it. Similar 
conclusions have recently been suggested by 
findings on lactic dehydrogenase isozyrnes 
(21) and myoglobin(22) in clinical myo- 
pathies. 

By the Svedberg equation(23) an approxi- 
mate molecular weight of -500,008 for myosin 
was calculated fromI; the observed sedimenta- 
tion constant and from ss, l iwature values 
(24) of the diffusion constapt (1.05 X 
cm2Jsec) and partial specific volume ( 0.72 8 
ml/g) for rabbit,myosin; it was assumed that 
the latter two are about the same for mouse 
myosin. This calculated value agreed well 
with that found by light scattering for the 
controls. The small amount of the faster 

TABLE 111. Characteristic Properties of Mouse Myosin. 

Exp No. 

ATPase activity, Actin binding ability 
pmole P,/mg myosin/min (ATP sensitivity) 

f I n  presence of \ 

Ca++ Mg++ Mg++, actin Mg++ 
~~ ~~~ 

1 Control 1.96 .03 .58 120 
Dystrophic 2.09 .03 .54 125 

2 Control 1.35 .02 .39 113 

3 Control 1.78 .03 .59 131 
Dystrophic 1.69 .02 .42 117 

Dystrophic 1.46 .03 .47 110 
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sedimenting component most likely repre- 
sented aggregated myosin in view of the in- 
stability of this protein and its tendency to 
aggregate. 

The light scattering results for myosin 
from control mice were very similar to those 
reported for myosin from rabbits ( 18). This 
method seemed to indicate polydispersity of 
myosin from dystrophic mice. Since it is 
very sensitive to the presence of heavier and 
larger particles, a small increase of such 
particles, although not sufficiently resolved 
in the ultracentrifuge, could account for the 
observed shape of the light scattering curves. 
Another possibility would be that myosin 
from dystrophic mice contained a special 
kind of aggregate of a somewhat loose struc- 
ture which would cause them to sediment 
a t  the same rate as the bulk of myosin. In 
contrast to our studies, Horvath(3) noted 
polydispersity in the ultracentrifugal patterns 
of myosin from mice, both control and dys- 
trophic, but he prepared myosin by a dif- 
ferent procedure. 

Summary. The molecular weight and size 
of myosin from mice with hereditary muscu- 
lar dystrophy and from their normal litter- 
mates as controls were studied by various 
physical-chemical methods. The ultracentri- 
fugal patterns were similar for the two kinds 
of myosin, but light scattering seemed to 
indicate polydispersity of their molecular 
parameters for dystrophic mice. The ATPase 
enzymatic activities and the ability to com- 
bine with F-actin were not affected by the 
disease. 
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