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During development  of the cal f  fetus two f o r m s  of fetal  myos in  appear .  The f o r m  of myos in  
c h a r a c t e r i s t i c  of the skele ta l  musc le  of the cal f  fetus at 2.5-6 months of development ,  not 
p re sen t  in the l a t e r  s tages ,  is  sa l ted out with ammon ium sulfate in a sa tura t ion  of up to 25%; 
it has low ATP as e  act ivi ty  and is eas i ly  denatured.  The cho l ines te rase  act ivi ty of the myo-  
f ib r i l s  is connected with this m y o s i n  f rac t ion.  The second f o r m  of fetal  myos in  is r e la t ive ly  
stable,  it has much higher  ATPase  act ivi ty,  and it is sa l ted out with ammon ium sulfate in 
sa tu ra t ions  of 35-50%. Both f o r m s  of myos in  are  found in the e a r l y  s tages  of development  
of the cal f  fetus,  but only the second f o r m  in the l a t e r  s t ages .  By e l e c t r o p h o r e s i s  in poly-  
a c ry l amide  gel marked  he terogenei ty  is found in the region o f t h e  heavy components  infe ta l  
myos in  solutions obtained in t h e  e a r l y  per iods  of development .  

KEY WORDS: myosin;  cal f  ske le ta l  musc le s ;  ontogeny; ATPase ;  cho l ines te rase ;  e l e c t r o -  
pho re s i s  of p ro te ins .  

The compara t ive  study of m y o s i n  f r o m  adult skele ta l  musc le  and f r o m  fetal  musc le  [2, 7, 14] has 
shown signif icant  d i f fe rences  in the biological  act ivi ty of these pro te ins  as welt  as ce r t a in  common  phys ico-  
chemica l  p r o p e r t i e s .  S t ruc tura l  d i f fe rences  have also been es tab l i shed  between the molecu les  of the adult 
and embryon ic  f o r m s  of myos in  [9-11]. On the bas i s  of d i f fe rences  in the p r o p e r t i e s  of the myos in  of cal f  
fetal  ske le ta l  musc le  at different  per iods  of development  the p r e sence  of two f o r m s  of embryon ic  myos in  
cor responding  to the e a r l y  and late s tages  of in t rau ter ine  development  has been  postulated [4]. Two f o r m s  
of fetal  myos in  were  found by Obinata [10] in the musc le  of chick e m b r y o s  in the e a r l y  s tages  of develop- 
ment .  These  f o r m s  differed in the i r  sed imenta t ion  constants ,  the i r  zones of sal t ing out with ammon iu m 
sulfate,  and the i r  ATPase  act ivi ty .  

This p a p e r  de sc r ibe s  a compara t ive  study of fetal  myos in  f r o m  the skele ta l  musc le  of calf  fe tuses  
at different  per iods  of in t rau ter ine  development .  

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

Myosin was obtained by the method of T r a y e r  and P e r r y  [14]. Frac t ions  of myos in  sal ted out with 
a m m o n i u m  sulfate in sa tura t ions  of 0-25% (fraction P0-25) and 35-50% (fraction P35-50) were  obtained [10]. 
ATPase  act ivi ty  (3.6.1.3) was de te rmined  f r o m  the inc rease  in inorganic phosphate during incubation for  
5 rain at 37~ The incubation mixture  contained the following const i tuents ,  in mmoles :  KC1 150, Na- 
bora te  buf fe r  (pH 9.1) 30, CaC12 2.5, and A T P - N a  2 2.5. To de te rmine  the EDTA-ac t iva ted  act ivi ty,  the 
incubation mix ture  contained: t r i s -HC 1  buffer ,  pH 7.5; 0.5 M KC1, 1 mM EDTA, 2.5 mM ATP. Pro te in  
was added in a concent ra t ion  of 0 .1-0 .2~.  Chol ines te rase  act ivi ty (3.1.1.8) was de te rmined  by H e s t r i n ' s  
method [8] a f t e r  incubation fo r  30 rain at 37~ and pH 7.6. E l ec t ropho re s i s  was c a r r i e d  out in 4% [12] and 
10% [15] po lyac ry lamide  gel (PG) in the p r e sence  of Na-dodecylsulfa te  and u rea  (25~ 7 mAE, 3 h fo r  47o 
PG, 4 h fo r  10% PG). 
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Fig. I .  Age changes in enzyme act ivi ty  of myos in  
(resul ts  of 8-12 e x p e r i m e n t s  for  each age group): 
1) Ca-ac t iva ted  ATPase  act ivi ty of myosin;  2) Ca-  
ac t ivated ATPase  act ivi ty of myos in  f rac t ion  P0-~5; 
3) cho l ines te rase  act ivi ty .  Ordinate,  left: ATPase  
act ivi ty  (in #moles  P i / m g  prote in /h) ;  ordinate ,  
right:  cho l ines t e ra se  act ivi ty  (in pmoles  ace ty l -  
chol ine / rag  pro te in /h) .  

Fig. 2. E l e c t r o p h o r e s i s  of myos in  in p o l y a c r y l -  
amide gel .  In 4% PG: 1) myos in  f r o m  3-month  
fe tuses ;  2) f r ac t ion  P0-25 of myos in  f r o m  3- 
month fe tuses ;  3) myos in  f r o m  4-month  fe tuses ;  
4) myos in  f r o m  6-month fe tuses .  In 10% PG: 5) 
myos in  f r o m  8.5-month fe tuses ;  a) heavy chain 
of myosin;  b and c) light chain. 

EXPERIMENTAL RESULTS 

AND DISCUSSION 

Solutions of myos in  f r o m  the skele ta l  musc le  
of 2 .5 -6-month  fe tuses  contained two f o r m s  of 
myos in  that  differed in the i r  sa l t ing-out  behav ior  
( f rac t ions  P0-2s and P3~-50)- The re la t ive  p r o p o r -  
tion of the P0-25 f rac t ion  d e c r e a s e d  with age. This 
component  was comple te ly  absent  in the solution 
of fetal  myos in  f r o m  fe tuses  aged 8-8.5 months 
and myos in  of the adult type. The P0-25 f rac t ion  of 
calf  fetal  myos in  may perhaps  co r re spond  to the 
f o r m  of chick embryon ic  myos in  with a sed imenta -  
tion constant  of 3S isolated by Obinata [10]. As r e -  
ga rds  the P~-50 f ract ion,  in this case  the opposite 
re la t ionship  was observed .  The content of this 
f rac t ion  was leas t  in myos in  solutions f r o m f e t u s e s  
in the ea r ly  per iods  of development  and it was the 
l a r g e r  f rac t ion  in myos in  solutions f r o m  fe tuses  
aged 8-8.5 months and adult an imals .  In all ca ses  
an inconstant  amount  of pro te in  was prec ip i ta ted  
by a m m o n i u m  sulfate in 25-36% sa tura t ion  and this 
could be a t t r ibuted e i the r  to the p r e s e n c e  of a mix -  
ture  of the P0-25 and P3~-~0 f rac t ions  and also,  p e r -  
haps, to some contaminat ion with ac tomyosin .  

In the course  of development  of the calf  fetus 
an inc rease  was obse rved  in the Ca-ac t iva ted  (Fig. 
1) and EDTA-ac t iva ted  ATPase  activi ty of the 
skele ta l  muscu l a r  myosin .  Feta l  myos in  at the 
age of 2.5-4 months had low (8-20 #moles  P i / m g  
pro te in /h)  Ca-ac t iva ted  ATPase  activity;  the myo-  
sin act ivi ty f r o m  fe tuses  aged 5-6 months was more  
than doubled. By the end of the in t rau ter ine  per iod 
of development  and a f t e r  b i r th  a fu r ther  inc rease  
in act ivi ty was observed .  Changes in the EDTA- 
act ivated myos in  ATPase  act ivi ty were  s i m i l a r  in 
c h a r a c t e r .  The ATPase  act ivi ty of myos in  f r a c -  
tion P0-25 f r o m  fe tuses  aged 3-6 months still  r e -  
mained low (8-13 #moles  P i / m g  pro te in /h) .  

A dist inguishing fea ture  of the myos in  P0-25 
f rac t ion  was i ts  ma rked  cho l ines te rase  (CE) ac-  
t ivity.  Despite the wide var ia t ions  in CE act ivi ty 
in the different  s amples  of myosin ,  the activity of 
this enzyme was always high in the P0-25 f rac t ions  
of fetal  myos in  at 3-5 months of development  (4.6- 
12.25 #moles  ace ty lcho l ine /mg pro te in /h) .  The 
act ivi ty  fell  sharply  in myos in  P0-25 f rac t ion  in 6- 
month fe tuses  (Fig. 1). So f a r  as the P35-50 f r a c -  
t ion is concerned,  the CE act ivi ty  in all the s a m -  
ples  of myos in  was e i the r  ve ry  low (0.37-0.61 
units of activity) o r  absent  a l together .  

P rev ibus  invest igat ions  showed [5, 6, 13] that CE act ivi ty d i scovered  in myos in  solutions is not a 
p r o p e r t y  of the myos in  but is a t t r ibutable  to the p r e sence  of CE, c losely  bound with it as an impur i ty .  Mean-  
while, o ther  w o r k e r s  [1, 3] give evidence  of the cho l ines te rase  p r o p e r t i e s  of myos in  molecu les .  The myo-  
sin of m a t u r e  bovine ske le ta l  musc le  evidently does not p o s s e s s  cho l ines te rase  p rope r t i e s .  The wide s ca t -  
t e r  of the Ca act ivi ty  values  in p r e p a r a t i o n s  of fetal  myos in  is  evidence in support  of the view that this en-  
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zyme is p r e s e n t  as an impur i ty .  CE act ivi ty  has been shown to be bound chiefly with the P0-25 f rac t ion  of 
fetal  myos in .  

CE act ivi ty  also was found in the p r e sen t  e x p e r i m e n t s  in myof ib r i l s  f r o m  the skele ta l  musc le  of calf  
fe tuses  a f t e r  washing 6-8 t i m es .  Fu r the r  washing the myof ib r i l s  with a 1% solution of Tr i ton  X-100 led to 
loss  of the cho l ine s t e r a se  p r o p e r t i e s  of the myof ib r i l s .  

The p r e s e n c e  of cho l ines te rase  act ivi ty  c lose ly  bound with the myof ib r i l s  in fetal  ske le ta l  musc le  is 
thus a dist inguishing fea ture  of functionally i m m a t u r e  t i s sue  with a tonic type of r e sponse .  As the skele ta l  
musc le  m a t u r e s  and response  of te tanic  type is fo rmed  the cho l ines t e ra se  p r o p e r t i e s  of the myos in  p r e p a r a -  
t ions i so la ted  f r o m  the ske le ta l  m us c l e s  a re  lost .  

By e l e c t r o p h o r e s i s  in po lyac ry lamide  gel some age d i f fe rences  were  d i scovered  in the f rac t ional  
composi t ion  of the myos in  solutions (Fig. 2). Myosin f r o m  younger  fe tuses  was dist inguished by the g r e a t e r  
va r ie ty  of the a s s o r t m e n t  of subunits in the region of heavy components .  Bes ides  the la rge  and smal l  m y -  
osin subunits,  a second heavy component  and s eve ra l  unidentified f rac t ions  of fa i r ly  high m o l e c u l a r  weight 
were  found on e l e c t r o p h o r e s i s .  Among these f rac t ions  there  were  probably  pro te ins  that de te rmined  the 
length of the myos in  f i l aments  and CE. The high labil i ty of the fetal  myos in  in the ea r ly  s tages  of develop-  
ment  and its w e l l - m a r k e d  tendency to undergo denaturat ion mus t  a lso  be noted. The P0-2~ f rac t ion  of fetal  
myos in  is ev iden t lyweak lyboundwi th  the myof ib r i l s  and is d is t inguishedby its ready  solubil i ty and the ease  
of i ts  ex t rac t ion  by b r i e f  t r ea tmen t  (15 rain) of the musc le  homogenate  with P e r r y ' s  solution. 

The changes obse rved  in the compos i t ion  and p r o p e r t i e s  of myos in  in ontogeny a re  undoubtedly con-  
nected with the fo rmat ion  of the cont rac t i le  r e sponse  of the skele ta l  musc le .  
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