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The antigenic property of myosin provides
an opportunity to study this protein using im-
munological technics. Kesztyiis, Nikodemusz
and Szilagyi demonstrated that myosin pre-
pared from rabbit skeletal muscle was anti-
genic in dogs(l). Ebert has shown that
chicken cardiac myosin produced antibodies
in rabbits and that by the precipitin reaction
it was possible to correlate the time of appear-
ance of cross striations of the heart muscle
with the presence of myosin(2). More re-
cently Finck, Holtzer and Marshall(3) ap-
plied Coons’ fluorescent antibody technic for
localization of myosin in the chick muscle.
This technic depends on selective binding of
specific, fluorescent antibody to antigen pres-
ent in tissue sections. The site of localiza-
tion of antigenic substances within the mor-
phological structures can be then demon-
strated using fluorescence microscopy.

Our investigation represents a study of dis-
tribution of myosin in striated muscle by
fluorescent antibody technic. It is the pur-
pose of these studies on the localization of
myosin in normal muscle to establish a basis
of comparison for further study on the be-
haviour of myosin in diseased fibers and thus
bring some insight into the problem of neuro-
muscular disorders.

Materials and methods. Preparation of
antigen: Myosin was prepared from muscle
of rabbit and goat and from human muscle,
obtained on autopsy performed less than 2

hours post mortem. The muscle (M. psoas
in most cases) was kept in the deep freeze un-
til needed, i.e. for a period from several days
to several weeks. The preparation followed
closely the procedure of Szent-Gyorgyi(4).
According to this method, the muscle is ex-
tracted with 0.6 M potassium iodide (KI)
containing sodium thiosulphate after prelim-
inary washing with water and with .05 M
KCl to remove the muscle’s adenosine triphos-
phate (ATP). The myosin was precipitated
by diluting the extract with water to a KI
concentration of .025 M. The precipitate was
washed with .025 M NaCl and dissolved by
adding NaCl to .5 M. The myosin was puri-
fied by 3 precipitations, and was dissolved in
.5 M NaCl. Heavy impurities were removed
by ultracentrifugation for 1 hour at 39,460
rpm. The myosin solution was passed through
a Seitz filter before using it in precipitin reac-
tions. The purity of the myosin preparations
was ascertained in the ultracentrifuge. All
operations were carried out in the cold. In
addition, actin content was estimated by the
method of Szent-Gyorgyi(4) from the change
of the logarithm of the relative viscosity on
addition of ATP. Most preparations con-
tained less than 5% proteins other than myo-
sin. Some myosin preparations were stored
at —20°C in presence of .5 M NaCl and 50%
glycerol. For immunizing rabbits and for
precipitin reaction the glycerol was removed
and the myosin precipitated by dilution or
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TABLE I. Method of Assay of Anti-Human Myosin Rabbit Sera.

Tube 1 2 4 5 6 7 8 9
(A) Anti-myosin rabbit serum
Dilution of serum 0 0 0 1:2 1:4 1:8 1:16 1:32 1:64
ml of antiserum transferred a 5 K B S 5 5 5
ml NaCl—0.5M B 3 5 ) %! b 5 5
Myosin (1 ml 10 mg) D . ] 5 .5 s s} 5
Precipitation after 24 hr— B 2. 1.5 1.
5°C (valued 0-4.0)
mg of N/ml (Kjeldahl) of 9% 5.69t .09 .69 29 22 .16 18 16
myosin, serum & washed
precipitates
(B) Control normal sermm—no precipitation
mg of N/ml 84 438 566 326 221 1,51 119 1.03  1.03
Cal. nitrogen 522 3.03 193 138 111 97 .90

* Myosin, t Serum.

dialysis. Such preparations proved also to be
as satisfactory for immunizing rabbits and for
precipitin reactions as fresh ones. Assay of
rabbit antibodv to human myvosin: Antibody
to human myosin was developed in 3 rabbits
by intravenous injections of 8-10 mg of myo-
sin in 0.5 M NaCl. Injections were given on
alternate days for a period of 2 weeks. Five
series of 6 injections each were administered
allowing a period of rest between each series.
The animals were bled from time to time. the
serum removed. assayed for antimyosin anti-
body and the results compared with that of
normal serum. The sera from 3 rabbits in-
jected with myosin were assayed in 2-fold se-
rial dilution from zero to 256 fold. Aliquots
of 0.5 ml were transferred successively to
tubes to which were added 2.5 mg of the anti-
gen in 0.5 M NaCl solution. The degree of pre-
cipitation of the antigen-antibody reaction
was evaluated from O to 4 and recorded im-
mediately after preparation. The tubes were
inverted several times and placed in the ice
box at 5°C overnight. After 20 minutes at
room temperature the amount of precipitate
was again evaluated and recorded as the final
reading. The procedure is shown in Table I
for one lot of serum. 1In this assay dilution of
antiserum was limited to 1:64 because dif-
ferences in nitrogen below this dilution could
not be determined. The reliability of this
type of estimation of precipitation values was
verified in some experiments by nitrogen de-
terminations of washed precipitates and these
values are compared with nitrogen of the con-
trol tubes containing no precipitates. Table

I shows mg of nitrogen/ml (Kjeldahl) of
twice washed precipitates and the estimated
values obtained by visual observations of the
density of the precipitates. For comparison
a similar series of tubes using normal serum
were prepared concurrently. These gave nega-
tive results. In addition, the nitrogen values
of the aliquots of the serum sample and of
the antigen aliquot were also obtained. In
the assay of normal control serum no precipi-
tation occurred and the values of the nitrogen
per ml would be expected to represent the
value of antigen plus that of normal serum
aliquot. The actual nitrogen values obtained
from this series conform closely to the calcu-
lated values (Table I). These data lend sup-
port to the method of evaluating the titre of
the sera by the observed density of the pre-
cipitates. A tube containing serum and
saline but no antigen, and another tube con-
taining myosin and diluent were added to
each series as controls. The slight cloudiness
of these tubes could readily be distinguished
from the antigen-antibody precipitates. The
highest concentration of myosin which would
readily produce precipitation without inhibi-
tion of the antibody was adopted for the as-
say. Fig. 1 shows this to be between 1.25 and
625 mg for the sera of all 3 immunized rab-
bits. The rise in the titre of antibody to hu-
man myosin following intravenous adminis-
tration (approximately 10 mg per dose) in
the rabbit was determined by assay of the
antisera in serial dilution for a period of over
6 months. Fig. 2 shows the relationship of
this rise to the periods of successive inocula-
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FIG. 1. Determination of equivalent zone between
antigen and antibody showing the concentration of
antigen (1.25 to 0.625 mg) required to give maxi-
mum precipitation with anti-human myosin sera
from 3 rabbits.

tions, the rapid fall in titre with an extensive
rest period of 2 months and an anamnestic
rise in antibody titre with resumption of in-
oculations. A sample of anti-human myosin
rabbit serum was mixed in serial 2-fold dilu-
tions with serial dilutions of 3 myosin prepa-
rations derived from human, rabbit and goat
muscle respectively. It was found that myo-
sin of all 3 species reacted equally with anti-
serum of human myosin, as judged by the
amount of precipitate in comparable tubes.
The end points were also the same for all 3
myosin preparations tested. It will be noted
that the species studied belong to 3 different
orders of the mammals.

Preparation of fluorescent globulin conju-
gates: TFollowing the determination of the
titre of the rabbit antihuman myosin sera the
globulin fractions were removed, pooled and
conjugated to fluorescein isocyanate as de-
scribed by Coons and Kaplan(5). The conju-
gated fluorescent globulin solution was dia-
lyzed at 5°C against 0.15 M NaCl buffer, pH
7.4 to remove excess fluorescein. It was fur-
ther purified by 2 ammonium sulfate frac-
tionations at 5°C. After dialysis the fluores-
cent conjugate was further purified by etha-
nolic fractionation at —20°C. The precipi-
tate was centrifuged down, the supernatant

137

removed and the precipitate taken up in suf-
ficient buffer to bring the volume to one-half
the original globulin volume. Preparation of
muscle tissue: The muscle tissue studied was
derived mainly from human biopsy material.
In addition, muscle from cat, rabbit, rat and
mouse was used. The majority of muscle
preparations were made by gentle teasing of
the fibers after washing in 50% glycerol for
a period of time, from several hours to sev-
eral days. Other preparations were frozen in
isopentane chilled with liquid nitrogen to
-150°C, and sectioned at 8-10 my in a cryo-
stat at —18°C. Human biopsy material in
which pathological changes were suspected
was in some instances fixed in chilled 10%
formalin and embedded in diglycol stearate
for sectioning. All preparations were treated
with fluorescent anti-human myosin rabbit
globulin solution for 20 minutes. The excess
of fluorescent antibody solution was washed
away with 5-6 changes of cold buffered saline
solution. The preparations were mounted in
25% glycerol and examined and photo-
graphed under the fluorescence microscope.
Study of the preparations in ultraviolet light
was supplemented by observations in phase
contrast and polarized light. In addition,
some sections, particularly the pathological
material, were stained by routine histological
methods. As controls for the specificity of
the fluorescent antibody staining, duplicate
preparations were treated with fluorescent
normal globulin solution. Also as an addi-
tional control, muscle sections were treated
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FIG. 2.
tion of myosin.
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FIG. 3 (left). Human skeletal muscle. Teased preparation showing fluorescence of A bands;

nuclei remain unstained. X 240.

FIG. 4 (upper right). Human skeletal muscle. A band is clearly visible.

X 1250.

FIG. 5 (lower right). Human heart muscle. Intercalated discs remain unstained. X 1250.

with a preparation of fluorescent antistrepto-
coccal hyaluronidase globulin  which was
available from other studies(6).

Results. In the preparations stained by in-
cubation with fluorescent normal globulin and
anti-hyaluronidase globulin the muscle fibers
showed very faint, diffuse, non-specific fluor-
escence.

Normal human skeletal muscle and muscle
of cat, rabbit, mouse and rat stained with la-
belled anti-human myosin antibody revealed
brightly fluorescent cross bands, which were
identified in phase contrast and in polarized
light to be A bands (Fig. 3). The sarcolem-
mal nuclei always remained unstained; on
the other hand, the sheaths occasionally
showed some fluorescence, presumably due to
non-specific absorption or from failure to wash
away the excess of the conjugate. The in-
tensity of the fluorescence was strongest in

the teased preparations (Fig. 4). In the
heart muscle, obtained from an autopsy case,
the intercalated discs remained unstained
(Fig. 3).

In muscle prepared by freezing and cutting
in the cryostat most of the areas failed to
show the characteristic striated pattern due
both to the angle of cutting as well as distor-
tion and fragmentation of myofibrils. In
some areas, however, which were cut trans-
versely, the myofibrils were sharply outlined
as brightly fluorescent dots separated by non-
staining interfibrillary spaces (Fig. 6).

Preparations fixed in formalin and em-
bedded in diglycol stearate exhibited less in-
tense fluorescence. Nevertheless, these prepa-
rations were valuable in the observations on
pathological material because of the preser-
vation of structural relationship between the
fibers and interstitial elements.
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FIG. 6 (left). Cross-section of the rat muscle cut in the cryostat. Some of the myofibrils are
brightly fluorescent. Fluorescence of the sacrolemmal sheath probably due to the failure of remov-

ing excess of the conjugate. X 400.

FIG. 7 (right). Human muscle obtained by biopsy in a case with myotonic dystrophy. Muscle
fibers show slight decrease in size with a relative increase in number of nuclei. Pattern of cross-

striation is well preserved. X 240.

Muscle tissue obtained from several pa-
tients afflicted with neuromuscular disorders
presented histologically a variety of patho-
logical changes. The muscle fibers in which
pathological change was confined to an in-
crease in the number of nuclei showed in ultra-
violet light the preservation of the striated
pattern with numerous oval or spherical un-
stained spaces, corresponding to the nuclei
(Fig. 7). It was also noted that in some in-
stances fibers undergoing severe degeneration
were brightly fluorescent, and at the same
time showed a complete loss of striated pat-
tern, while the numerous condensed nuclei re-
mained unstained (Fig. 8). Occasionally,
single, small fluorescent bodies containing un-
stained spherical or oval spaces corresponding
in size to the nuclei, were observed adjacent
to the degenerating fibers (Fig. 9). Whether
these structures were macrophages or rem-
nants of the muscle fibers was not determined.

Discussion. The observations reported
above demonstrated the specific staining of A
bands in the striated muscle by antihuman
myosin fluorescent antibody. The implica-
tion from this, however, that localization of
myosin is confined to A bands must be con-
sidered with some reservations. It is well to
keep in mind the difficulties associated with
the estimation of the purity of myosin prepa-
rations. The methods employed for the es-
timation of purity (ultra-centrifugation, vis-
cosimetry) are sensitive enough to exclude
the presence of more than a few per cent ac-

tin, but are relatively insensitive to other im-
purities which may be associated with myosin.
It is possible that even relatively small
amounts of impurities in the preparation used
for immunization may affect antibody re-

FIG. 8 (left). A severely atrophic fiber from the
same case. It is brightly fluorescent with loss of
striated pattern and with numerous unstained nuclei.
X 400.

FIG. 9 (right). Human muscle from another case
of myotonic dystrophy. Between 2 well-preserved
fibers lies a long thin atrophic muscle fiber with
fluorescent material. In addition there are several
scattered smaller oval bodies which may be macro-
phages containing fluorescent material. X 400.
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sponse to these substances. The occasional
staining of sarcolemmal sheaths or Z band
thus may be due to the presence of these ad-
ditional antibodies other than myosin. Also,
a theoretical possibility must be kept in mind
that antigenic groups of myosin in certain
sectors of the myofibril may be bound chemi-
cally to other substances and remain unreac-
tive with antibody. This possibility prevents
the absolute proof that myosin is absent in
unstained segments such as the T band.

The presence of antibodies to myosin
proper is demonstrated by the specific stain-
ing of myofibrils on cross sections, as these
structures are known to be mainly composed
of myosin. The finding that the nitrogen con-
tent of the washed precipitates agrees with
theoretical figures indicates that the fluores-
cent globulin preparations mostly contained
antibodies to myosin proper. It may be men-
tioned here that the fluorescence of the A
band was already observed by Finck e al.(3).

The observation that anti-human myosin
antibody reacted with muscle of other species
raises the problem of antigenicity of myosin.
Kesztyiis et al.(1) have found that of the 2
muscle proteins they studied actin was iso-
antigenic and not species specific. myosin was
not iso-antigenic. The observations reported
here indicate that myosin is not species spe-
cific, since antibody to human myosin reacted
with myosin prepared from the muscle of
other animals.

The few observations on human muscle
tissue undergoing degenerative changes should
be regarded as preliminary ones. More ex-
perience in interpretation of fluorescent prepa-
rations must be obtained from the study of a
larger amount of material. The quality of
preparations which would preserve structural
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relationships should be improved and it also
seems desirable to extend these studies to in-
clude other muscle proteins. It is interesting,
however, at this stage to note that material
staining specifically with anti-myosin fluores-
cent antibody may remain condensed in mark-
edly atrophic fibers or may eventually be
transferred to macrophages.

Summary. 1. Fluorescent antibody tech-
nic has been used for study of localization of
myosin in normal and diseased skeletal mus-
cle. 2. A method for assay of antibody to
human myosin has been described. 3. Spe-
cific staining with fluorescent antibody was
obtained in A bands of the striated muscle.
4. According to observations on staining with
fluorescent antibody and to precipitin reac-
tions myosin has to be considered as not spe-
cies specific. 5. Preliminary observations on
diseased muscle stained with fluorescent anti-
body revealed the preservation of striated pat-
tern at the time of early pathology changes,
and the presence of material reacting with the
antibody to human myosin in severely degen-
erated fibers and in structures resembling
macrophages.
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