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Metamyosins isolated f rom the muscles  of rabbits of different ages differ in their cholin- 
e s t e rase  activity, substrate  specifici ty of chol inesterase ,  and content and relat ive percent-  
ages of e lec t rophore t ic  protein fract ions.  The chol inesterase activity is linked with three 
fract ions of fetal  and neonatal metamyosin  and two fract ions of metamyosin f rom 12-day 
and adult animals .  

The discovery of the myofibrillary protein metamyosin was reported in 1955 [8]. The discoverers 
described some of the characteristic properties of metamyosin in subsequent papers [5-10]. 

The physiological role of this fraction of the myofibrillary proteins is not known. It has been postu- 
lated that metamyosin is the precursor of other myofibrillary proteins [7]. So far this hypothesis has not 
received factual confirmation. 

According to Yur'ev et al. [3], metamyosin preparations possess high cholinesterase activity. The 
heterogeneity of this protein has been demonstrated by the salting out method. These workers consider 
that metamyosin is either a cholinesterase with unusual action or contains a mixture of different types of 
cholinesterases, and also that only certain of its components apparently possess enzymic activity. To 
clarify the situation, the enzymic activity of metamyosin has been studied in animals of different ages. 

EXPERIMENTAL METHOD 

The skeletal  muscle of 28-day rabbit  fetuses,  and newborn, 12-day, and adult rabbits was used. All 
stages of t reatment  of the t issue and extraction of the protein were car r ied  out in the cold, using cooled 
apparatus and reagents .  The muscles  were minced or cut up with sc i s so r s  and then ground in a mor t a r  
with quartz sand. Metamyosin was obtained by the method of Marcaud-Raeber  et al. [7]. To determine 
the chol inesterase activity, the protein was incubated in phosphate buffer (pH 7.8; ~ = 0.4) with various sub- 
s t ra tes  (acetylcholine, butyryl  choline, acetyl-p-methylchol ine) .  The concentration of cholinegters in the 
experimental  and control samples was determined by Hest r in ' s  method [4]. Protein nitrogen was deter-  
mined by the miero-Kjeldahl  method. The metamyosin  was fract ionated by e lec t rophores is  in agar gel in 
the cuvette designed by Kadykov [2], using phosphate buffer (pH 7.8; # = 0.4). The conditions of electro- 
phoresis were: voltage gradient 1.3-1.5 V/cm, current 19-22 #A/cm 2, duration 22-24 h. For preparative 
electrophoresis, a cuvette taking 8 samples was used. In this case 2.3-2.4 ml of the protein solution was 
fractionated at the same time. After the end of electrophoresis, two strips of gel were cut along the length 
of the cuve~e, to correspond to the outside wells, and these were stained with amido black. Strips of gel 
with fractions developed by the dye were returned to the cuvette in their former position, and using these 
as "witnesses," areas of the agar corresponding to the separate protein components and containing native 
protein were cut out. The agar was chopped up, frozen, turned out into a closely woven piece of cloth, and 

placed in a mold. Solutions of the metamyosin fractions were obtained during thawing under pressure. 
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TABLE i. Cholinesterase Activity of RabbEt Metamyosin 
in Ontogenesis (in #g substrate/mg protein/h) 

Rabbits 

Fetuses .................. 
Newborn ................. 
12-day .................. 

Adult ................... 

Substrate 
a c e t y l c h o - I b t i t v r v l c h o ,  !acetyl--gsiSVeth - 
line - llin~ " _lylcholine 

I 

1 250-- i  471 I 1 408--1 399 225- -220  
1 094--1 4281 950--1 5271 200--251 
496 517 1 230--255 I 152--170 
72--91118--25127--45 
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Fig. 1. Composit ion,  re la t ive  content, 
and cho l ines te rase  act ivi ty o f m e t a m y -  
Qsin f rac t ions  f r o m  rabbi t  fe tuses  and 
newborn rabbi ts  (A), rabbi t s  aged 12 
days (B), and adult rabbi t s  (C). Shaded 
columns cor respond  to f rac t ions  pos-  
sess ing  enzymic  act ivi ty.  Absc i s sa ,  
e lec t rophore t ic  f rac t ions  of m e t a m y o -  
sin; ordinate,  content of me tamyos in  
fractions, in %. 

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

It is c l ea r  f r o m  the r e su l t s  in Table 1 that me tamyos in  
isolated f rom the musc les  of an imals  of different  ages pos se s sed  
cho l ines te rase  act ivi ty.  Metamyosin  of the fe ta l  and newborn 
rabbi t s  pos se s sed  the highest  enzyme act ivi ty and it dec reased  
with age. The me tamyos in  hydrolyzed all choline e s t e r s  tested.  
The r e su l t s  of these expe r imen t s  agree  with those obtained p r e -  
viously in the w r i t e r ' s  l abora to ry ,  [3]. The r a t e s  of hydro lys i s  
of ace ty l -  and butyrylcholine by fetal  and neonatal  me tamyos in  
were  about equal.  With age, the intensi ty of hydro lys i s  o f ace ty l -  
choline inc reased  c o m p a r e d  with the intensi ty of hydro lys i s  of 
butyrylchol ine .  At the same  t ime,  the ra te  of hydro lys i s  of buty- 
rylchol ine d e c r e a s e d  c o m p a r e d  with that  of ace ty l - f i -methylchol ine .  

Metamyosin  is not a homogeneous protein.  By f ree  e lec-  
t rophores i s ,  Mareaud -Raebe r  demons t ra ted  the p r e sence  of two 
components  [5, 8]. Fetal  m e t a m y o s i n  was sepa ra ted  by sal t ing 
out into seven prote in  f rac t ions  [3]. The method of e lec t ropho-  
r e s i s  in agar  gel was chosen this t ime to f rae t ionate  the rec ta-  
myosin .  Investigation of the prote in  by this method also demon-  
s t ra ted  its marked  he terogenei ty .  The f rac t ions  obtained were  
designated by numbers  s t a r t ing  f rom the anode end of the agar .  
The r e su l t s  showing the number  of e l ec t rophore t i c  components ,  
their  r e la t ive  content, and the p resence  or absence of cholin- 
e s t e r a s e  act ivi ty in m e t a m y o s i n  of an imals  of different  ages  a r e  
given in Fig. 1. A tendency for  the f rac t ional  composi t ion of the 
me tamyos in  to change during ontogenesis  will be seen.  For  in- 
s tance,  in spec imens  of fetal  and neonatal  m e t a m y o s i n  7 lJrincipal 
e lec t rophore t ic  components  we re  detected.  Metamyos in  f r o m  rab-  
bi ts  aged 12 days sepa ra t ed  into 6, and m e t a m y o s i n  f rom adult 
rabb i t s  into 4 f rac t ions .  A cons iderable  i nc rea se  in the content 
of the mos t  mobi le  component  of me tamyos in ,  f rac t ion  1, also was  

observed .  At the s a m e  t ime,  a definite inconstancy both of the f rac t ional  composi t ion  and of the content of 
individual e lec t rophore t ic  components  of th is  prote in  mus t  be pointed out. This fact  is  evidently a t t r ibutable  
to the m a r k e d  labi l i ty  of some of the pro te in  f rac t ions  of me tamyos in .  

To de te rmine  which of the me tamyos in  components p o s s e s s e d  cho l ines te rase  p rope r t i e s ,  all the 
above-ment ioned f rac t ions  were  separa ted  and their  cho l ines te rase  act ivi ty  de te rmined .  Activi ty was 
found in solutions of f rac t ions  3, 4, and 5 of me tamyos in  f rom the fe tuses  and newborn animals  and in f r a c -  
tions 3 and 4 of me tamyos in  f rom 12-day and adult rabbi t s .  The total  content of act ive components  r e -  
mained v i r tua l ly  unchanged in ontogenesis ,  with a mean  value of 32% p ro t e inn i t rogeno f  me tamyos in  (Fig. 1). 
The cho l ines te rase  act ivi ty  of the f rac t ions ,  calculated on the bas i s  of the i r  pe rcen tage  content, was about 
three  t imes  higher than the act ivi ty  of the original  m e t a m y o s i n  of an imals  of the cor responding  age. Enzy- 
mica l ly  act ive components of metamyos in ,  despite their  high act ivi ty,  were  not pure  enzymes  and, bes ides  
cho l ines te rase ,  they a lso  contained large quantit ies of pro te ins .  This is c l ea r  f rom the following findings. 
The act ivi ty of rabbi t  fe ta l  and neonatal  me tamyos in  as r ega rds  hydro lys i s  of acetylehol ine was 15-17 
t imes  s t ronger  than the act ivi ty of me tamyos in  f rom the adult animal.  At the s ame  t ime,  as has a l ready 
been mentioned,  the content of enzymiea l l y  act ive f rac t ions  r emains  unchanged during ontogenesis .  T h e s e  
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exper imen t s  conf i rmed the resu l t s  of e a r l i e r  invest igat ions showing that me tamyos in  is not an individual 
prote in .  They a lso  showed that me tamyos in s  f rom animals  of different ages a re  not identical  but differ  
f rom each other  in the number  of their  e l ec t rophore t i c  components and in thei r  quantitative content. Both 
the i r  cho l ines te rase  act ivi ty and the ra t io  between the r a t e s  of hydro lys i s  of different  subs t r a t e s  by the 
cho l ines te rase  of me tamyos in  va ry  with age. 

Another  impor tan t  fact  is that only cer ta in  components of m e t a m y o s i n  posses s  enzymic  activity:  
three  f rac t ions  f rom fetal  and neonatal  rabbi t s  and two f rac t ions  of me tamyos in  f r o m  12-day and adult ani-  
ma l s .  In other  words ,  a substant ia l  change in the f rac t ional  composi t ion and the p rope r t i e s  of me tamyos in  
and its components  takes place in ontogenesis .  The fo rmat ion  of a tetanic reac t ion  of skele ta l  musc le  is 
thus accompanied  by a change in the content and p rope r t i e s  not only of the chief contract i le  prote ins  of m u s -  
c les ,  myos in  and ac tomyos in  [1], but also of me tamyos in .  

I. 
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