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To study the localization of contractile proteins, including myosin, in muscle cells and cells of nonmus- 
cular t issues, immunomorphological methods are  widely used [3, 5, 7]. Preparations of myosin used for im- 
munization and the quality of the immune sera  against myosin in investigations of this sort  must satisfy a 
number of demands. It must be remembered that even minimal impurities in myosin preparations may be 
sufficient to give an immune response and to cause the appearance of ballast antibodies. That is why not only 
maximal purification of the myosin but also subsequent careful monitoring of the specificity of the antisera 
by various methods, including immunomorphological methods, are  essential. It is best to use native myosin 
for immunization, i.e., myos in~hose  biochemical and antigenic properties are best preserved.  In that case 
the preparations used for immunization will correspond most  closely to the myosin in the cell studied. Anti- 
genic differences between myosin of different species of animals [2] must also be borne in mind, and for that 
reason it is desirable to use species-specific antisera.  

As a rule the demands listed above are  not completely satisfied, especially in immunomorphological 
studies of the structural  organization of myosin in different ceils.  

With the above considerations in mind, native myosin was isolated from skeletal and smooth muscles 
and purified in order  to obtain immune sera .  

This paper gives a brief  account of the biochemical characteris t ics  of the myosin preparations, the r e -  
suits of immunologic and flnmunomorphological analysis of antisera against the myosin, and an account of 
methods of increasing their  speeifmity. 

E X P E R I M E N T A L  M E T H O D  

Skeletal muscle myosin was extracted from the quadriceps femoris and sartorius muscles taken at au- 
topsy 4 h after  death. Smooth muscle myosin was isolated from a uterus removed at operation. Skeletal 
muscle myosin was obtained by the method suggested for isolation of myosin from the heart  [10], with some 
modification. After salting out with 37.5-42.5% (NH4)~SO 4 the precipitate was dissolved in 0.05M Tris-HC1 
buffer, pH 7.5, containing 0.5M KC1 and 0.001 M dithiothreitol. Dialysis was then carr ied  out against the 
same buffer for  48 h at 4"C and this was followed by centrifugation for 1.5 h at 150,000g. The supernatant was 
used as the final myosin preparation. 

Smooth muscle mysoin was obtained by the method described for isolating myosin from platelets [8], 
with modifications. Gel chromatography of myosin was carr ied out on a column filled with sepharose 4B, 
using a two-component KC1-ATP and KI -ATP buffer system. The myosin fraction was concentrated to 2 
mg/mI with polyethylene glycol with molecular weight of 40,000. Subsequent dialysis and centrifugatiou were 
as described for obtaining skeletal muscle myosin. 

The ATPase activity of the myosin was determined in 0.1M Tris-HC1 buffer, pH 7.5, containing 1 mM 
ATP and 10 mM CaC12 at 25~C [4]. 
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Fig. I. Wall of upper third of esophagus. Treated with 
antiserum against skeletal muscle myosin: a, b) before; 
c, d) after absorption by immunosorbent from extract of 
myometrium, a) Striated muscles in wall of esophagus, 
120 • b) specific fluorescence of striated fibers and posi- 
tive reaction with smooth muscle cells (right), 60 • c) 
serial  section, same place. Specific fluorescence of s t r i -  
ated muscles only, 60 • d) specific reaction with myosin 
in A disks of striated muscle fiber, 270 x. 

The purity of the preparations was verified by electrophoresis in 10% polyaerylamide gel (PAG) with 
sodium dodecylsulfate [9]. Myosin preparations were applied to the electrophoresis tubes in doses of 20 and 
150 rag. Proteins with tool. wt. between I0,000 and 300,000 daltens were used as markers. 

Antisera were obtained by immunization of rabbits in accordance with the following scheme: first in- 
jection - antigen 0.3 mg/kg into the footpads together with Freundts complete adjuvant, second injection - i 
month later, the same dose of antigen subcutaneously, without adjuvant. Blood was taken the first time 7 days 
afler the second injection. Later the animals were reimmunized subcutaneously without adjuvant at intervals 
of 1 month for 3 months. Throughout this period blood was taken each week. The resulting antisera were 
analyzed immunologically by the precipitation test in agarose made up in 0.6 M KCI in physiological saline~ 
buffered with 0.01M phosphate buffer, pH 7.2 (PBS). The indirect fluorescent antibodies method with pure 
goat antibodies against rabbit IgG, labeled with fluorescein isothiocyanate, was used for the immunomorpho- 
logical investigation. Frozen sections 4 #m thick from various organs of a rat were fixed for 5 rain in 95% 
ethanol at 18~C. The technique of incubation with immune sera and conjugated antibodies and the manner of 
setting up the controls were the same as those generally adopted [6]. The antisera against myosin were diluted 
with BPS in the ratios of 1 : i0 and 1 : 20 before addition to the sections. 

For crossed immunosorption of antisera extracts with 0.6M KCI were obtained from skeletal and smooth 
muscles, and hnmunosorbents were then prepared by cross-linkage with glutaraldehyde [I]. The antisera 
were incubated in a volume of i0 ml with 3 g of the sorbent for 24 h at 18~ 

E X P E R I M E N T A L  R E S U L T S  

E lectrophoresis in PAG showed that both myosin preparations contained heavy chains of myosin with 
tool. wt. of 200,000 daltons and light chains. Three types of light chains with tool. wt. of 14,000, 16,000, and 
25,000 daltons were found in preparations from skeletal muscles and two types with tool. wt. of 16,000 and 
19,000 in preparations from smooth muscles. On application of 150 #g protein to the tube, contaminating 
fractions were found with tool. wt. of over 100,000 (about 8% for skeletal muscles and about 50% for smooth 
muscles) and under 100,O00 (1% in the preparations). To judge from the molecular weights of these fractions, 
the high-molecular-weight impurities were the rod-shaped part of myosin, C-protein, and in the smooth muscle 
preparation, C a++-activated protein kinase also. The low-molecular-weight fractions perhaps included tropo- 
myosin, fragments of the heads of the Inysoin molecules, light chains of protein kinase, and hydrolysis products. 
Preparations of both types of myosin were free from actin, troponin, and creatine phosphokinase. 
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Fig. 2. Rat t i ssues ,  t r ea ted  with ant iserum against smooth 
muscle myosin: a, b) before, c, e, i) after absorption with 
immunosorbent from skeletal muscle extract, a) Smooth- 
muscle cells of blood vessel wall in rat kidney, 120 • b) 
smooth muscle cells in wall of esophagus, 120 • c) specific 
fluorescence of smooth muscle cells in wall of upper third of 
esophagus, no fluorescence of striated muscle fibers, 30 • 
d) serial section, sazne place, control. Identification of previ- 
ously nonfluoreseent striated muscle fibers after treatment 
with absorbed antiserum against skeletal muscle myosin, 30 • 
e) smooth muscle cells in gastric mueosa, 60 • f} myoepithelial 
cei ls  in sa l ivary  gland, 270)<. 

The high ATPase activity (0,2 and 1.8 ~g/mg "rain respectively for striated and smooth muscle myosin 
respectively) indicated that the native state of the myosin was preserved to the highest degree. 

For investigation of the specificity of the humune sera by the precipitation test in agarose extracts of 
skeletal muscles and of the myometrium in 0.6 M KCI in BPS and preparations of purified myosin were used 
as antigens. The ant i sera  reac ted  only with the corresponding ex t rac t s  and with purified myosin.  

On t rea tment  of sections of skeletal  musc les ,  the upper third of the esophagus, and also of the hear t  with 
ant iserum against skeletal  muscle  myosin by the immunofluorescenee method bright specific f luorescence  of 
the s t r ia ted  muscle  f ibers ,  located in the A disks, was observed {Fig. l a -d) .  However,  examination of p repa -  
rat ions from various organs showed that despite the distinct specific react ion,  this immune se rum also reac ted  
with smooth muscle  cells (Fig. lb). To increase  the specif ici ty of the ant iserum c rossed  immunosorption 
was ca r r i ed  out by means of an immunosorbent  p repared  f rom ex t rac t  of myometr iurn.  The absorbed ant i -  
se rum did not r eac t  with smooth muscle  cells  or with any other  cel ls  than s t r ia ted  muscle  cells  (Fig. lc ,  d). 

A nt iserum against smooth muscle  myosin reacted  specif ical ly with smooth muscle  cel ls  of the uterus ,  
esophagus, s tomach,  intestine, and blood vessels  in various organs (Fig. 2a, c-f) .  During reimmunizat ion 
ballast  antibodies could be removed.  The ant isera  kept thei r  t i te r  of 1 : 20 and thei r  specif ici ty for  smooth 
muscle  myosin (Fig. 2c-e).  Myosin could be detected very c lear ly  in myoepithel ial  cells  of the sa l ivary  and 
sweat glands, mammary  gland, tes t is ,  and ovary (Fig. 2f). 

Immune se ra  agahust s t r ia ted  and smooth muscle  myosin satisfying the necessa ry  requi rements ,  i .e. ,  
monospeeific and in sufficiently high t i ter ,  were  thus obtained. Considering thei r  species  specif ici ty,  these 
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immune sera  can be regarded as most suitable for the study of myosin. They have the great  advantage over 
antisera against animal myosin usually used. The necessity for and value of thorough and extensive immuno- 
morphological analysis of the specificity of the antisera which was undertaken must be particularly emphasized. 
The highly sensitive immunofluoreseence method enabled ballast antibodies to be found in the immune sera  
despite their apparent purity as shown by precipitation in agarose. The crossed absorption of the antisera 
proved to be a sufficiently effective method of increasing their  specificity. The impurities causing the forma-  
tion of these ballast antibodies can be interpreted differently. In our view, preparations of skeletal muscle 
myosin contain C-protein. It may have been this which caused the formation of ballast antibodies and the 
crossed reaction with smooth muscles.  The possibility likewise cannot be ruled out that myosin of vascular 
smooth muscles may have been responsible for this crossed reaction, for this is invariably present,  even if 
in small quantities, in preparations of skeletal muscle myosin. As regards the antisera against smooth m~tsele 
myosin, C-protein or  protein kinase were evidently the impurities against which ballast antibodies were formed. 
The problem of a true crossed reaction with myosin as a result  of common antigenic determinants in striated 
and smooth muscle myosin likewise must be regarded as still unsolved. 
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The fine morphology of the hepatocyte during synthesis and secretion of bile products has not been ade- 
quately studied [1, 2, 13-15]. The object of this investigation was to study the dynamics of changes in the ul tra-  
s tructure of hepatocyte organelles during the accumulation and secretion of bile products. The liver of the 
chick embryos is a convenient object for this purpose, for its mode of nutrition changes in the course of its 
development: until the 8th day of incubation an extraintestinal mode of nutrition with protein and fat of the 
yolk, and from the 9th through the 13th days of incubation, in addition to extraintestinal assimilation of yolk, 
an intestinal mode of nutrition connected with swallowing of amniotic fluid by the prefetus [4, 5]. It must be 
expected that the process of bile formation and bile secretion in the liver of the chick embryo begins early, 
and that the ul trastructure of hepatocytes can thus be studied during the period of formation of these functions. 

EXPERIMENTAL METHOD 

Hepatocyte ultrastrueture was studied in chick embryos from the 6th through the 13th days of incubation. 
Pieces of liver were fixed daily in Palade's fixing solution at pH 7.2-7.4 and embedded in Araldite. Ultrathin 
sections were stained by Reynolds' method and studied in the IEM-7A electron microscope. 
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