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The organization and quantity of myosin irrigation into myosin-free “ghost” fibers
were compared between normal and PSE myosin. Considerable amounts of myo-
sin were incorporated into the “ghost” fibers for both normal and PSE myosin.
Elec t ron  microscopic  s tudy showed tha t  the  myosin  f i laments  were  formed a l l
over the thin filaments after the irrigation. However, there was almost no differ-
ence  in  the  quant i ty  and  f i lamentogenes is  of  the  incorpora ted  myosin  in to  the
“ghost” fibers between normal and PSE myosin.

INTRODUCTION

It is generally accepted that the development of tension in muscle is due
to the interaction of myosin with actin coupled with the hydrolysis of ATP.
Muscle fiber loses its tension after the removal of myosin and the resulting
myosin-free “ghost” fiber recovers its tension following irrigation with myo-
sin. Therefore, the tension of myosin-irrigated “ghost” fiber has been used
for elucidating the physiological properties of isolated myosin, although the
extent of the tension developed by an irrigated fiber is much less than that
of an intact muscle fiber (Oplatka et al., 1974a,  b; Hayashi and Maruyama,
1975 ; Tawada et al., 1976).

It is known that PSE porcine muscle is in a partially denatured state and
has a lower specific ATPase  activity than does normal muscle (Sung et al.,

1976). In a previous paper, we found that upon addition of a contracting so-
lution the tension of a “ghost” fiber is slightly increased by the irrigation
with normal myosin, while no tension is developed in the case of a fiber irri-
gated with PSE myosin (Izumi et al., 1977). However, the ultrastructure of rab-
bit “ghost” fibers irrigated with normal and PSE porcine myosin has not been
published. The present study deals with a comparison of the organization and
quantity of myosin from normal and PSE muscle following irrigation into
“ghost” fibers prepared from rabbit muscle.

Materials

MATERIALS AND METHODS

Normal and PSE porcine longissimus thoracis muscles were selected from
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the carcasses at 24 hr after slaughter by testing the contractility of myofibrils
as described in a previous paper (Sung ct nl., 1976). Normal muscle (pH 5.54)
myofibrils exhibited 100 96 contractility upon addition of Mg2+-ATP solution,
while those from PSE muscle (pH 5.09) exhibited 0 % contractility. Myosin
was prepared from these muscles according to the method of Tonomura et al.
(1961) with slight modifications (Ito et nl., 1978): a modified Guba-Straub  solu-
tion (0.3M KU, 0.15M phosphate, 2 mM ethyleneglycol-his-(Z-aminoethylether)
-N, N, N’, N’-tetraacetic acid (EGTA), 5 mM MgCl, and 5 mM ATP, pH 6.5) was
used for extracting myosin from postmortem muscle, and the time for the ex-
traction was 10min.

Irrigation with myosin

Myosin irrigation was done as described in a previous paper (Izumi et al.,
1977). After the preparation of single fibers from glycerinated rabbit psoas
muscle, myosin was removed from the single fibers with Hasselbach-Schneider
solution (0.47 M KCl, 1 mM MgCl,, 10 mM sodium pyrophosphate and 0.1 M phos-
phate, pH 6.4) at 4°C for 4 hr. Then, the fibers were washed with a salt so-
lution (0.1 M KCI, 1 mM MgClz  and 6.7 mM phosphate, pH 7.0). The resulting
“ghost” fibers were irrigated with normal (pH 5.54) and PSE (pH 5.09) myosin
by incubating them with a large volume of myosin solution (5 mg/ml  in 0.5M
KCl) at 4°C for 24 hr. After the irrigation, the fibers were rinsed with a
large volume of the salt solution.

SDS polyacrylamide gel electrophoresis

SDS polyacrylamide gel electrophoresis were carried out for the intact,
“ghost” and myosin-irrigated “ghost” fibers by the previous procedure (Mugu-
ruma  et al., 1978),  principally according to the method of Weber and Osborn
(1969) .

Electron microscope

The fibers were fixed in 3 % glutaraldehyde buffered with 0.12M sodium
cacodylate at pH 7.2 for 2 hr, then washed briefly in the same buffer, and fur-
ther fixed in 1% osmium tetroxide buffered with sodium cacodylate at pH 7.2
for 2 hr. Most samples were stained en bloc with 1 % uranyl acetate in aqueous
solution prior to dehydration. The fibers were dehydrated in an alcohol se-
ries and embedded into Epon 812. Thin sections for electron microscopy were
cut with glass knives on a Porter-Blum MT-1 microtome, and stained with 1%
lead acetate or doubly stained with 1% lead acetate and uranyl acetate. The
sections were examined with a Hitachi HS-9 electron microscope operating
with an accelerating voltage of 75 kV.

pH determination

Minced muscle (5 g) was homogenized in 10ml of distilled water with a
Waring blender for 3min. The pH of the muscle homogenate was determined
with a Hitachi-Horiba pH meter F-7 at 20°C.
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Protein concentration

All protein concentrations were determined by the biuret method (Gornall
et al., 1949). Bovine serum albumin was used as the standard.

RESULTS

Figure 1 shows the electrophoretic patterns of intact muscle, “ghost” and
myosin-irrigated “ghost” fibers. Myosin heavy chain almost disappeared after
extracting myosin with Hasselbach-Schneider solution for 4 hr. but the thin
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Fig. 1. SDS Polyacrylamide gel (7.5 %) electrophoretic pattern of intact,
“ghost” and myosin-irrigated fibers. Each  prepara t ion  was  d isso lved  by
heating at 100°C for 3 min in 10mM sodium phosphate  (pH 7.0) contain-
i n g  1% S D S  a n d  1 %  p-mercaptoethanol. The  resu l t ing  so lu t ion  was
applied to the top of the gel and was electrophoresed at 8mA/gel  for 4
hr. Staining was with Commassie Blue.
a) Intact rabbit single fibers (12OGg  pro te in  loaded) .

b) “Ghost” single fibers of rabbit psoas muscle after the extraction of
myosin with Hasselbach-Schneider solution (6Ong).

c) “Ghost” single fibers irrigated with normal myosin (85/1g).

d) “Ghost” single fibers irrigated with PSE myosin (85/rg).
MHC;  myos in  heavy  cha in ,  TM;  t ropomyos in .  TN-T;  t roponin-T ,  TN-I ;
troponin-I, TN-C; troponin-C.
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filament proteins, i.e., actin,  tropomyosin and troponin subunits, remained on
the gel. After the irrigation with myosin, the intensity of myosin heavy
chain band was increased (compare Figs. 1 c and d to b). In addition, there
was almost no difference in the intensity of myosin heavy chain band be-
tween normal and PSE myosin from densitogram (data not shown).

Plates I and II show the electron micrographs of intact muscle, “ghost” and
myosin-irrigated “ghost” fibers. Apparently, all of the thick filaments and M-
lines disappeared after the extraction of myosin (Pl. I- Fig. 2), although com-
plete removal of myosin from single fibers was difficult (Fig. 1 b). Almost in-
tact I-Z-I structures and clear gaps between thin filaments are visible (Pl. I-
Fig. 2). The irrigation filled up in part the gaps between the thin filaments
with myosin filaments. However, the density of the myosin filaments in the
gap regions was much less than that of intact muscle fibers. Rather, myosin
filaments formed after the irrigation were equally distributed all over the thin
filaments. However, the direction of the fibers was random (PI. II- Fig. 3).
In addition, quite similar structure of myosin filaments was found in the case
of the irrigation with PSE myosin (Pl. II - Fig. 4) and also in the case of myo-
sin prepared from porcine muscle having intermediate pH (pH 5.35; Data not
shown).

DISCUSSION

In the present study, we found that a considerable amount of porcine myo-
sin was incorporated into rabbit “ghost” fibers by the irrigation. However,
we could not irrigate myosin into the “ghost” fibers up to the original level
of myosin in the intact muscle fibers (Fig. l), although the myosins which we
used in the present study contained minor components such as C-protein in
addition to myosin heavy chain and light chains (Figs. 1 c and d). Thus, we
can suppose the following three possibilities for the reason of the incomplete
incorporation of myosin into the “ghost” fibers; (1) the insufficient population
of irrigated myosin in the “ghost” fiber due to the incomplete diffusion of
myosin into the thin filaments, (2) the incomplete filamentogenesis of myo-
sin in the alignment of the thin filaments, and (3) the lack of M-lines sub-
stance.

In the present study, the length and shape of the filaments formed in the
“ghost” fiber were apparently not uniform. This may be due to the insuffi-
cient formation of myosin filaments in the structure of the “ghost” fiber. In
addition, the present results (Fig. 1 and Pl. II) show that there is no differ-
ence in the amount of the myosin incorporated into the “ghost” fibers or in
the structure of the filaments formed regardless if irrigation was done with
normal and PSE myosin. In addition, we have found that PSE myosin B also
has an ability to form an arrowhead structure (Park et al., 1975). These re-
sults suggest that in the “ghost” fibers there is no difference in the filamen-
togenesis between normal and PSE myosin, although it has found that PSE
myosin loses in part its enzymatic activity, especially initial burst of phos-
phate liberation (Sung et al., in preparation).
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Fig. 1. Electron micrograph of intact rabbit single fibers. A;  A-band,  I ;  I -band ,  2; Z-
band. The calibration bar represents 0.5,~~m.  Magni f ica t ion  x 1 8 , 0 0 0 .

Fig. 2. Electron micrograph of rabbit “ghost” single fibers after the extraction of myosin
with Hasselbach-Schneider solution. I; I-band, Z ; Z-band. The calibration bar represents
0.5 .um. Magnification x 18,000.
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Fig. 3. Electron micrograph of “ghost” single fibers irrigated with normal myosin. I; I-
band, Z; Z-band. The calibration bar represents 0.5 Drn. Magnification x 1 8 , 0 0 0 .

Fig. 4. Electron micrograph of “ghost” s ingle  f ibers  i r r iga ted  wi th  PSE myosin .  I ;  I -b
and, Z; Z-band. The calibration bar represents 0.5Dm.  Magni f ica t ion  x 1 8 , 0 0 0 .
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