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ABSTRACT 

The localization of Ca-accumulating structures in the longitudinal body wall 
muscle (LBWM) of the opisthobranch mollusc Dolabella auricularia and their 
role in the contraction-relaxation cycle were studied by fixing the LBWM fibers at 
rest and during mechanical response to 400 mM K or to 10-4-10 -3 M acetylcho- 
line in a 1% OsO4 solution containing 2% K pyroantimonate. In the resting 
fibers, electron-opaque pyroantimonate precipitate was mostly localized at the 
peripheral structures, i.e., along the inner surface of the plasma membrane, at 
the membrane of the surface tubules, and at the sarcoplasmic reticulum. In the 
fibers fixed during mechanical activity, the precipitate was diffusely distributed in 
the myoplasm in the form of numerous particles with corresponding decrease in 
the amount of the precipitate at the peripheral structures. Electron-probe X-ray 
microanalysis showed the presence of Ca in the precipitate, indicating that the 
precipitate may serve as a measure of Ca localization. These results are in accord 
with the view that, in the LBWM, the Ca stored in the peripheral structures is 
released into the myoplasm to activate the contractile mechanism. 
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Although it is well established that, in vertebrate 
skeletal muscle, the contraction-relaxation cycle is 
regulated by the release of Ca from, and uptake 
by, the sarcoplasmic reticulum (SR) (6), the role 
of intracellular structures in the regulation of the 

contraction-relaxation cycle in various kinds of 
vertebrate and invertebrate smooth muscles still 
remains to be investigated. 

In the previous paper (29), it has been shown 
that, in the longitudinal body wall muscle 
(LBWM) of an opisthobranch mollusc Dolabella 
auricularia, the contractile mechanism can be fully 
activated by a supramaximal concentration of K 
ions in the presence of Mn ions or at low pH, and 
by rapid cooling of the surrounding medium even 
after a prolonged soaking in a Ca-free solution 
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containing e thylene glycol-bis(/3-aminoethyl 
ether)N,N,N',N'-tetraacetate ( E G T A ) .  These  
results indicate tha t  the L B W M  fibers contain a 
large amount  of intracellularly stored Ca which 
may be effectively released by a sufficient mem-  
brane  depolar izat ion or rapid cooling, so that  the 
fibers may be fully act ivated in spite of the re- 
duced Ca influx or the removal  of external  Ca. To 
obtain more  definite evidence for the actual role 
of the intracellular structures in the L B W M ,  how- 
ever,  it seems necessary to show the localization 
of Ca in the intracellular structures and its trans- 
location during mechanical  activity. 

Using K pyroan t imona te ,  which is known to 
penet ra te  intact  cell m e m b r a n e  in the presence of 
osmium to produce e lec t ron-opaque precipitate 
with intracellular cations (15, 16, 18), recent  
electron microscope and histochemical  studies on 
the anter ior  byssal re t ractor  muscle ( A B R M )  of 
Mytilus edulis ( 1 , 2 7 )  and on the guinea pig taenia 
coli (28) have demons t ra t ed  that  the precipitate 
containing Ca is released from the per ipheral  
intracellular s tructures into the myoplasm during 
contract ion.  Since the  pyroan t imona te  me thod  
also appeared  to be promising for the L B W M ,  the 
present  work was unde r t aken  to study the locali- 
zation of Ca in the intracellular structures in the 
resting L B W M  fibers and  the t ranslocat ion of the 
stored Ca during mechanical  activity, to obtain 
information about  the role of the intracellular 
structures in the contract ion-relaxat ion cycle of 
molluscan somatic smooth  muscles responsible for 
slow locomot ion and body movement .  

M A T E R I A L S  A N D  M E T H O D S  

Electron Microscopy 
The experimental methods used were identical with 

those previously described (29). The LBWM prepara- 
tion was mounted horizontally in an experimental cham- 
ber (3 ml) filled with the experimental solution, and 
attached to the strain gauge to record isometric tension 
not only during the experiment but also during the time 
of fixation. At the end of each experiment, the LBWM 
fibers were fixed by replacing the experimental solution 
with a 1% OsO4 solution (pH 6.2-6.8 by 0.01 N acetic 
acid) containing 2% K pyroantimonate (K2H2SbzO7' 
4H20). Fixation was terminated at 25-30 min after the 
application of ,the pyroantimonate-OsO4 solution. The 
experiments were made at room temperature (18-25~ 
unless otherwise stated. The fixed tissue was cut into 
small pieces, and rinsed with an aqueous alkaline buffer 
to prevent nonspecific formation of K pyroantimonate 
precipitate (23). Then, the pieces of tissue were dehy- 

drated with ethanol, and embedded in Epon 812. Sec- 
tions were cut on a Porter-Blum MT-1 ultramicrotome 
(DuPont Instruments-Sorvall, DuPont Co., Wilmington, 
Del.), and examined with a Hitachi HU-12AS electron 
microscope unstained or stained with uranyl acetate and 
lead acetate. 

Electron Probe X-Ray Microanalysis 
For histochemical identification of the precipitate of 

pyroantimonate salts, the sections (unstained -2 ,000  A 
in thickness) were mounted on a carbon-coated collo- 
dium film on copper grids, and analyzed with an energy 
dispersive X-ray microanalyzer (Edax 707B, Edax Inter- 
national Inc., Prairie View, I11.) attached to a Hitachi 
HHS-2R scanning electron microscope, which was used 
as a scanning transmission electron microscope (STEM) 
with a Hitachi HH-TE2 transmission device. The STEM 
images (Figs. 12-15) had a higher contrast than that of 
the transmission electron microscope (TEM) images, 
though the spatial resolution was lower in the STEM 
images than the TEM images. The X-ray microanalysis 
was performed on the STEM images of the LBWM 
fibers in two different ways: (a) line-scanning analysis in 
which the electron beam was used as a scanning probe to 
record the X-ray emission from a given element (e.g., at 
3,690 eV, Ca-Ks emission) along a line trace (Figs. 12 
and 13); and (b) spot analysis in which the electron beam 
focused on a fixed area was used as a probe (Figs. 14 
and 15). The analysis was made with an accelerating 
voltage of 20 kV and with a sample current of 20 nA. 
The X-ray emission was collected over a detecting time 
of 400 s unless otherwise stated. 

The quantitative analysis of the precipitate was also 
made by use of another energy dispersive X-ray microan- 
alyzer (Edax 707B) attached to a JEOL JEM-100C 
electron microscope together with a computerized EDIT 
system. 

R E S U L T S  

Tension Changes during the Fixation of 
the LBWM Fibers for Histochemical 
Electron Microscopy 

To fix the L B W M  fibers at the resting state, the 
preparat ion was soaked in the s tandard solution 
(artificial sea water)  (29) containing 2 m M  pro- 
caine for 5-15 min before the application of 
fixation solution, to minimize the mechanical  re- 
sponse during the course of fixation. Then ,  the 
L B W M  fibers were fixed, with a small tension 
deve lopment  amount ing  to only < 1 0 %  of the 
maximum K-contracture  tension (Fig. 1, a). 

The L B W M  fibers were also fixed during the 
mechanical  response to 400 mM K or to 10 4 
10 -:~ M acetylcholine (ACh)  by applying the fixa- 
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FIGURE ] Tension changes in the LBWM fibers during 
the course of fixation with the pyroantimonate-OsO4 
solution. (a) The preparation was first made to contract 
with 400 mM K (High-K), relaxed in the standard 
solution containing 2 mM procaine (S) for 15 rain, and 
then fixed in the pyroantimonate-OsO4 solution (PA Os). 
Temperature, 23~ (b) The preparation was made to 
contract with 400 mM K (High-K), and the pyroanti- 
monate-OsO4 solution (PAOs) was applied near the 
peak of contracture tension to fLx the fibers in the 
contracted state. Temperature, 3~176 (c) The prepa- 
ration was made to contract with 10 -3 M ACh, and the 
pyroantimonate-OsO4 solution (PAOs) was applied at 
the peak of contracture tension. Temperature, 3~176 
In each record, the fixation was terminated after 25-30 
min from the application of the fixation solution. 

tion solution at or around the peak of the mechan- 
ical response (Fig. 1, b and c). Both the K- and 
ACh-contracture tensions tended to decrease con- 
tinuously during the course of fixation. The rate 
of relaxation in the fixatio~l solution could be 
reduced by lowering the temperature to 3~176 
(1), so that the tension of the preparation was 
maintained at 50-70% of the maximum contrac- 
ture tension at the completion of fixation. 

Localization o f Pyroantimonate 

Precipitate in the Resting 
L B W M  Fibers 

Figs. 2 and 3 show the transverse and the 
longitudinal sections of the resting LBWM fibers 
fixed in the pyroantimonate-OsO4 solution, re- 
spectively. In all the fibers examined, the electron- 
opaque pyroantimonate precipitate was mainly 
localized at the peripheral part of the fibers, and 
also at the mitochondria, the nucleus, and the 

tubular element of the SR located at the central 
part of the fiber. 

The precipitate at the peripheral part of the 
fiber was further examined with higher magnifica- 
tions. As shown in Figs. 4 and 5, the precipitate 
was located along the inner surface of the plasma 
membrane, and at the vesicular elements of the 
SR near the plasma membrane, whereas little or 
no precipitate was observed in the extracellular 
space. Since the width of the electron-opaque area 
along the plasma membrane extends to some 
extent into the myoplasm, it seems possible that 
the precipitate is associated not only with the 
plasma membrane but also with other structures 
in its vicinity. The precipitate also appeared to be 
absent in the lumen of both the bottle-shaped 
caveolae and the surface tubules communicating 
with the extracellular space (29), though the pre- 
cipitate was located along the inner surface of 
their membranes (Figs. 4 and 6). The precipitate 
was observed at both the inner and outer surfaces 
of the vesicular elements of SR subjacent to the 
plasma membrane (Fig. 7). The presence of a 
number of electron-opaque precipitates of varia- 
ble size and shape in the vicinity of the plasma 
membrane (Figs. 4-6) may also be associated with 
the elements of the SR. The precipitates were 
abundant around the intermediate junction (Fig. 
8), at which the LBWM fibers were connected 
with each other at their tapered ends (29), though 
it was not possible to show how these precipitates 
were associated with the elaborate tubular net- 
work present at the intermediate junction (29). 

Translocation o f Pyroantimonate 

Precipitate during Mechanical 

Activity 

When the LBWM fiber bundles w e r e  fixed 
during the mechanical response to 400 mM K or 
10-4-10 -3 M ACh, - 5 0 %  of the component 
fibers exhibited a characteristic pattern of precipi- 
tate distribution as shown in Figs. 9 and 10. In the 
case of both K- (Fig. 9) and ACh-contractures 
(Fig. 10), the electron-opaque precipitate was 
observed to be diffusely distributed in the my- 
oplasm in the form of numerous particles, whereas 
the precipitate at the peripheral part was much 
less pronounced than that in the resting fibers. 
Closer examination of the peripheral part with 
higher magnifications indicated that the amount 
of the precipitate associated with the plasma mem- 
brane and the vesicular component of the SR 
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FmURE 2 Transverse section of the resting LBWM fibers showing the localization of the electron- 
opaque precipitate at the peripheral part and at the mitochondria (M) and the nucleus (N). Unstained. 
Bar, 5 ~m. • 4,000. 

FICURE 3 Longitudinal section of the resting LBWM fibers showing the localization of the precipitate at 
the peripheral part and at the mitochondria (M) and the SR (arrows) located at the central part. Double- 
stained (uranyl acetate and lead acetate). Bar, 5 /zm. • 5,900. 



FI~u~ 4 High-magnification view around the plasma membrane of the resting LBWM fibers. 
Unstained. Note the absence of the precipitate in the extracellular space (ES) and the lumen of the bottle- 
shaped caveolae (C). Bar, 0.5 ~m. x 31,000. 

Fl~trRE 5 High-magnification view around the plasma membrane of the resting LBWM fibers. Double 
stained. Note the localization of the precipitate along the inner surface of the plasma membrane and at the 
vesicular elements of the SR (SR). Arrows indicate the outer surface of the plasma membrane. Bar, 0.5 
/zm. x 49,500. 

subjacent to the plasma membrane  was markedly 
reduced (Fig. 11) as compared with the resting 
fibers. Since the precipitate is shown to serve as a 
measure of  Ca localization as will be described 
later, the above results may be taken to indicate 
that the Ca localized at the peripheral structures is 
released into the myoplasm during mechanical 
activity. 

The above diffuse distribution of  the precipitate 

was observed only in - 5 0 %  of the fibers in the 
preparations fixed during mechanical activity, and 
the rest of the component  fibers showed a locali- 
zation of the precipitate similar to that in the 
resting fibers. This seems to be related to the fact 
that, at the completion of fixation, the tension in 
the L B W M  fiber bundle was 50-70% of the peak 
contracture tension (Fig. 1, b and c); - 3 0 - 5 0 %  
of the fibers might relax during the course of  
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fixation. Another possibility may be that not all 
the fibers in the LBWM are fully activated with 
high [K]0 or ACh. 

Electron Probe X-Ray Microanalysis 
o f  the Precipitate 

Since pyroantimonate is known to produce an 
electron-opaque precipitate not only with Ca but 
also with other cations, the presence of Ca pyroan- 
timonate in the precipitate in the LBWM fibers 
was examined by means of the electron probe X- 
ray microanalysis. 

L I N E - S C A N N I N G  A N A L Y S I S :  Typical re- 
sults of the line-scanning analysis for Ca per- 
formed on longitudinal and transverse sections of 
the resting fibers are shown in Figs. 12 and 13, 
respectively. The distribution of the X-ray emis- 
sion at 3,690 eV (corresponding to the emission 
of Ca-Ks) along the scanning line revealed a 
prominent signal for Ca over the electron-opaque 
precipitate, whereas no significant signals for Ca 
were observed when the myoplasm without the 
precipitate was analyzed. This result indicates that 
the amount of Ca may be much larger in the 
precipitate than in the myoplasm. 

SPOT ANALYSIS: Fig. 14 shows an example 
of the spot analysis of the precipitate in the resting 
fibers. The results were qualitatively the same, 
irrespective of the area of the precipitate on which 
the spot analysis was performed. The electron 
beam was positioned on the precipitate (point B 
in Fig. 14a) and also on the extracellular space 
where no precipitate was seen (point A in Fig. 
14a) as a control. As shown in Fig. 14b, the X- 
ray spectrum of the precipitate (dots) always 
showed the most distinct peak at 3,620 eV, while 
that of the extracellular space (bars) did not. 
Similar results were obtained when the spot anal- 
ysis was performed on the electron-opaque precip- 

itate which was diffusely distributed in the form of 
particles in the myoplasm of the fibers fixed during 
mechanical activity (Fig. 15). When the section 
stained with uranyl acetate and lead acetate was 
used for the X-ray microanalysis, the spectrum of 
the precipitate also showed the most distinct peak 
at 3,620 eV. 

Careful adjustment of the X-ray microanalyzer 
with the control samples (A1 and Cu, AI and K 
pyroantimonate, and A1 and CaC12) indicated that 
the distinct peak at 3,620 eV may result from a 
combination of the Sb-L~ emission (at 3,600 eV) 
and the Ca-K~ emission (at 3,690 eV) (Fig. 16), 
as has been shown by the model tests by Mizuhira 
(19). As a matter of fact, the X-ray spectrum of 
the Sb-Ca compound made by mixing equal quan- 
tities of 0.1 M CaC12 and 0.1 M K pyroantimonate 
solutions exhibited a distinct peak at 3,620-3,640 
eV, whereas the X-ray spectrum of K pyroanti- 
monate crystal or K pyroantimonate solution 
showed a spectral peak for Sb-L~ emission exactly 
at 3,600 eV (Fig. 17). Thus, the presence of the 
peak at 3,620 eV in the X-ray spectrum may be 
taken to indicate that the precipitate in the 
LBWM fibers contains Ca pyroantimonate, 
though the peak for Ca-Ks emission at 3,690 eV 
is not observable in the X-ray spectrum of the 
precipitate. 

To obtain more direct evidence for the presence 
of Ca in the precipitate, quantitative analysis of 
the precipitate was made by means of a comput- 
erized EDIT system combined with the X-ray 
microanalyzer. The elemental concentration ratios 
relative to the concentration of Sb were computed 
from the data of the X-ray microanalyzer (22). In 
the resting fibers, the concentration ratio of Ca in 
the precipitate was 0.12 -+ 0.02 SEM, whereas 
that of K was 0.35 --- 0.06 SEM. (n = 6). In the 
precipitate of the contracted fibers, the concentra- 
tion ratio of Ca was 0.17 -+ 0.03 SEM, whereas 

FIGURE 6 High-magnification view of the bottle-shaped caveolae and the surface tubules in the resting 
LBWM fibers, showing the absence of the precipitate in their lumen communicating with the extracellular 
space (ES). Double stained. (a) The bottle-shaped caveolae. Bar, 0.5 ~m. • 58,000. (b) The surface 
tubules. Bar, 0.5 ktm. • 62,500. 

FIGURE 7 High-magnification view of the vesicular elements of the SR (SR) subjacent to the plasma 
membrane in the resting LBWM fibers, showing the precipitate at both sides of their membrane. Double 
stained. Bar, 0.5 txm. • 46,400. 

FIGURE 8 Longitudinal section of the resting LBWM fibers at the intermediate junction showing the 
association of the precipitate with the network of the surface tubules. Double stained. Bar, 2 /~m. • 
9,400. 
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that of K was 0.30 - 0.04 SEM. (n = 6). 
Meanwhile, the presence of Na and Mg in the 
precipitate was not clearly detected in both cases. 
Thus, the above results again demonstrate the 
presence of Ca in the precipitate of both the 
resting and the contracted fibers, though its con- 
centration ratio was smaller than that of K. Anal- 
ogous results have been obtained from the quan- 
titative analysis of the pyroantimonate precipitate 
in the guinea pig taenia coli (28). If it is taken into 
consideration that the amount of Ca ions involved 
in the activation of the contractile mechanism is 
far smaller than those of K, Na, and Mg ions in 
the myoplasm (6), the values of the concentration 
ratio of Ca in the precipitate may be taken to 
indicate that the precipitate serves as a measure of 
Ca localization. 

DISCUSSION 

In accordance with the finding of the preceding 
paper (29) that the LBWM fibers contain a large 
amount of intracellularly stored Ca available for 
the activation of the contractile mechanism, the 
present study has shown that, in the resting 
LBWM fibers, the electron-opaque pyroantimo- 
nate precipitate containing Ca is mostly localized 
at the peripheral structures, i.e., along the inner 
surface of the plasma membrane and the mem- 
brane of the surface tubules, and at the SR in 
close apposition to the plasma membrane or to 
the surface tubules. Since the contraction-relaxa- 
tion cycle in intact muscle fibers is primarily 
controlled by the potential or permeability 
changes across the plasma membrane, the pres- 
ence of abundant precipitate in the vicinity of the 
plasma membrane or of the surface tubules, con- 
sisting of tubular invaginations of the plasma 
membrane (29), seems to indicate the actual 
involvement of the peripheral structures in the 
release and uptake of activator Ca. 

The localization of intracellular Ca at the 
plasma membrane and the SR has also been 
shown in various vertebrate smooth muscles by 
the use ofK oxalate (13, 20, 21), *~Ca (13) and K 
pyroantimonate (5, 7). Though the energy-de- 
pendent uptake of cations by the isolated micro- 
somal fractions, the SR, and the mitochondria has 
already been demonstrated in both vertebrate (2, 
4, 11, 12, 24, 25) and invertebrate (10, 26) 
smooth muscles, it still remains to be investigated 
how these intracellular structures are actually in- 
volved in the contraction-relaxation cycle in var- 
ious kinds of smooth muscles. 

In the present study, the pyroantimonate 
method, which was used successfully in the 
ABRM of M. edulis (1, 27) and in the guinea pig 
taenia coli (28), has proved to be useful in provid- 
ing evidence for the translocation of intracellularly 
stored Ca during mechanical activity in the 
LBWM fibers of D. auricularia. The diffuse distri- 
bution of the electron-opaque pyroantimonate 
precipitate containing Ca in the form of numerous 
particles with corresponding decrease in the 
amount of the precipitate at its resting sites of 
localization may be completely in accord with the 
view that, during K- or ACh-contractures, the Ca 
stored in the intracellular structures is released 
into myoplasm to activate the myofilaments. The 
result that the diffuse distribution of the precipi- 
tate in the myoplasm was observed in - 5 0 %  of 
the fibers fixed during mechanical activity may 
reflect a relatively rapid rate of Ca uptake by the 
intracellular structures, since the contracture ten- 
sion started to relax spontaneously in the contrac- 
ture solutions so that the tension at the completion 
of fixation was 50-70% of the peak contracture 
tension. 

Although pyroantimonate combines with Ca 
most rapidly under the physiological condition of 
cation concentrations in the myoplasm (14), it is 

FIGURE 9 Transverse section of the LBWM fibers fixed during the mechanical response to 400 mM K. 
Note the diffuse distribution of the precipitate in the myoplasm in the form of numerous particles. 
Unstained. Bar, 2/xm. x 6,200. 

FIGURE 10 Transverse section of the LBWM fibers fixed during the mechanical response to 10 -3 M 
ACh. Note the diffuse distribution of the precipitate in the myoplasm as in Fig. 9. Stained with uranyl 
acetate. Bar, 2 ~m. x 7,400. 

FIGURE 11 High-magnification view around the plasma membrane of the fibers fixed during the 
mechanical response to 10 -a M ACh. Note that the amount of the precipitate at the vesicular elements of 
the SR (SR) is markedly reduced as compared with that shown in Fig. 7. Double stained. Bar, 0.5 /~m. 
x 40,000. 
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FIGURE 12 STEM image of the longitudinal section of the resting LBWM fibers showing the line- 
scanning analysis for Ca (Ca-K~ emission at 3,690 eV) along the scanning line (white line). Note 
prominent signals for Ca over the electron-opaque precipitates. Bar, 2/xm. x 5,900. 

FIGURE 13 STEM image of the transverse section of the resting LBWM fibers. Note prominent signals 
for Ca over the precipitates as in Fig. 12. The scanning line indicated by white line is traversing the 
vesicular element of the SR. Bar, 1 /zm. • 11,900. 

FIGURE 14 Spot analysis of the electron-opaque precipitate in the resting LBWM fibers. (a) STEM 
image of the transverse section. The areas A and B were submitted to the spot analysis. Bar, 2 /zm. x 
8,500. (b) X-ray spectrum of the precipitate (B, dots) and that of the extracellular space (A, bars). The 
ordinate gives the number of X-ray events, and the abscissa is the individual energies of the X ray in KeV 
(20 eV/CH). Note the most distant peak at 3,620 eV in the X-ray spectrum of the precipitate. Vertical 
white line indicates the position of Sb-L~ emission at 3,600 eV. 

FIGURE 15 Spot analysis of the electron-opaque precipitate diffusely distributed in the form of numerous 
particles in the myoplasm of the contracted LBWM fibers. (a) STEM image of the fibers fixed during the 
mechanical response to 10 -~ M ACh. The areas A and B were submitted to the spot analysis. Bar, 2/zm. 
x 8,300. (b) X-ray spectrum of the precipitate (B, dots) and that of the extracellular space (A, bars). The 
abscissa gives the individual energies of the X ray in KeV (20 eV/CH). Note the most distinct spectral 
peak at 3,620 eV. Vertical white line indicates 3,600 eV as in Fig. 14b. 

FIGURE 16 X-ray spectrum of the precipitate (bars) in the resting LBWM fibers and that of the standard 
K pyroantimonate (dots) used for the adjustment of the microanalyzer. The abscissa gives the individual 
energies of the X ray in KeV (10 eV/CH). Note the most distinct peak at 3,620 eV in the X-ray spectrum 
of the precipitate. Vertical white line indicates the position of Sb-L, emission at 3,600 eV. X-ray emission 
was collected for 400 s (dot-spectrum) and for 47 s (bar-spectrum). 

FIGURE 17 X-ray spectrum of the Sb-Ca compound prepared by mixing equal quantities of CaCl2 and K 
pyroantimonate solution (dots) and that of K pyroantimonate crystal (bars). The abscissa gives the 
individual energies of the X ray in KeV (20 eV/CH). Note the most distinct peak at 3,640 eV in the X-ray 
spectrum of the Sb-Ca compound. Vertical white line indicates 3,600 eV. In both spectra, X-ray emission 
was collected for 80 s. 
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also known to readily combine with Na, and is 
used as an indicator for intracellular Na localiza- 
tion (3, 8, 15, 16, 17, 23). Moreover, pyroanti- 
monate combines with K to form the precipitate 
in ethanol (9). In the present study, the presence 
of K in the predpitate was also noticed by the 
peak for the K-K~ emission at 3,310 eV, whereas 
the peaks for Na and Mg were not clearly observ- 
able in the X-ray spectrum of the precipitate. The 
presence of K in the precipitate was further con- 
firmed by the quantitative analysis with the EDIT 
system. These results indicate that the electron- 
opaque precipitate also contains K pyroantimty 
nate which may be formed mostly during the 
dehydration of the tissues with ethanol. The trans- 
location of the precipitate in the LBWM fibers 
fixed during mechanical activity, however, may 
not be readily explained without assuming the 
release of Ca from the intracellular structures into 
the myoplasm. It may be that, when the con- 
tracted fibers are immersed in the pyroantimon- 
ate-OsO4 solution, the Ca ions released into the 
myoplasm combine with pyroantimonate to form 
numerous deposits distributed in the myoplasm, 
and in the subsequent treatment of the tissues 
with ethanol K pyroantimonate precipitates 
around the deposits of Ca pyroantimonate already 
present. If this interpretation is correct, the trans- 
location of the precipitate would reflect the physi- 
ological role of the intracellularly stored Ca, and 
the additional formation of K pyroantimonate 
precipitate would simply increase the amount of 
the precipitate but not alter its localization. Model 
tests to confirm whether this is actually the case 
are desired to establish the pyroantimonate 
method as an effective means of studying the Ca 
translocation during the physiological muscle con- 
traction. 
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