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SUMMARY 

Myosin from slow twitch muscle contains a low molecular weight component 
obtained by treatment with 4 M LiC1, which comprises about 9 % of the total protein, 
and which differs electrophoretically in polyacrylamide gel from that  of the fast 
muscle. I t  was found that  the addition of light subunit to the remaining heavy matrix 
resulted in the enhancement of ATPase activity in both myosins. In the crosswise 
reconstitution experiments, the light subunit from the F-myosin yielded higher ATP- 
ase activities than that  of S-myosin regardless of whether the heavy subunits from 
S- or F-myosins are used. These results support the notion that  the light subunit, an 
integral part  of the myosin molecule, is exchangeable between different species of 
myosins. 

Myosin-ATPase activity, which plays a rate limiting role with respect to con- 
traction velocity 1, 2 varies greatly in different muscles, as shown for example in a com- 
parison between slow (S)- and fast (F)-twitch muscles in the same animal (cf. ref. 3). 
Correlated with this, there are other physicochemical distinctions, e.g. in the response 
of the ATPase to pH, ionic strength, tryptic digestion and sulfhydryl group activa- 
tion 4-8, and in the fact that  S- and F-myosin contain electrophoretically different light 
subunitsg, 1°. These subunits (mol. wt. 2oooo-30ooo ) had been mainly studied for 
F-myosin, e.g. by STRACHER n who separated them from the remaining molecular 
matrix by gelfiltration in 4 M LiC1 and recovered 3o % of the native ATPase upon re- 
combination, and by DREIZEN AND GERSHAM a2 who used a rapid salting-out fraction- 
ation and could reconstiture 7 ° % of the original ATPase activity. In the work re- 
ported herein, it was at tempted to isolate subunits and heavy matrix from both F- and 
S-myosin, and to recombine them crosswise. 

Myosin was prepared by the standard procedure of this laboratory (@ ref. 3). 
The only modification was that  the minced slow rabbit muscle was extracted with 4 
vol. of Guba-Straub solution containing 3-5 mM ATP for 3o min prior to the dilution 
with cold water. The preparation was essentially free of nucleotides. While the ATPase 
activity of F-myosin was determined by measuring Pi release as described previously a, 
the much lower ATPase of S-myosin was estimated by measuring ADP production 

* A prel iminary report  was given at the meeting of the American Society for Cell Biology, 
I97O. 
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according to the modified procedure of ESTABROOK AND MAITRA 13 using Boehringer's 
enzyme assay kits. 

In Fig. I, as in F-myosin 14, the presence of the light subunit in S-myosin treated 
with 4 M LiC1, 50 mM Tris-maleate (pH 7.5), is evidenced by the slowly sedimenting 
ultraeentrifugal peak which accounts for about 9 °o of the total protein. The molecular 
weight of the light subunit (25.9(± 3.4)-Io 3) from S-myosin as determined by tile 
high speed sedimentation equilibrium experiments is comparable with that of the 
F-myosin 12. The possibility for recombination of these subunits is suggested by the dis- 
appearance of this slowly sedimenting peak upon dialysis of an aliquot of the sample 
against 0.5 M KC1, 5o mM Tris-maleate, pH 7.5. The molecular weight of S-myosin 
(415(~ 35)" lO3, determined by the sedimentation equilibrium procedure), appears to 
be similar to that of F-myosin (H. D. KIM, unpublished data), for which we have 
frequently confirmed the molecular weight value in this range as first proposed by 
MOMMAERTS AND ALDRICH la and now again repeatedly encountered in the literature 
(most recently in ref. 16). In agreement with comparable results by othersg, TM, the 
light subunits prepared with 4 mM LiC1 treatment of F- and S-myosin appear to be 
different. In Fig. 2, purified light subunits after LiC1 treatment were electrophoreti- 
cally separated on polyacrylamide gel. While the light subunits from F-myosin con- 
tained 3-4 components, only 2 components were found in S-myosin. 

In the recombination experiments which were carried out according to the pro- 
cedure of DREIZEN AND GERSHAM 12, the myosins (within 48 h of preparation) at 15 20 
mg/ml in 0.5 M KC1 and 2 mM dithiothreitol were mixed with equal volumes of 8 M 
Lie1, 50 mM Tris maleate, pH 7.0, and allowed to react for 5 rain at 4 °. The heavy and 
light subunits were promptly fractionated by salting out in 75 % saturated potassium 
citrate-  4 M LiC1 and centrifuged at 5o00 rev./min for 5 rain. Under these conditions, 
the supernatant fraction contained exclusively the water soluble light subunits as 

A [3 

Fig. t. Sectimentation diagram of LiCl-treated S-myosin, pH 7.5, 4 °, phase-plate angle 7 o~, protein 
concentrat ion of i i . o  mg/ml.  A, Myosin s tored in 4 M LiC1, 5 ° mM Tris maleate, pH 7-5, for 4 b. 
at  5264 o rev. /min for 24o min. B. Sample used in A was dialyzed against  o. 5 M t(CI, 5 ° mM Tris -  
maleate, p H  7.5; at 5264o rev. /min for 21o rain. 
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shown by the absence of heavy material  in the gel electrophoresis and of protein pre- 
cipi tat ing at low ionic strength,  but  the precipitate, the heavy residual matrix,  was 
always contamina ted  with the light subunit .  The recombined sample was dialyzed 
against  o.5 M KC1, i mM dithiothreitol,  5 ° mM Tris -malea te  (pH 7.o) for Ca2~-ATPase 
determinat ion.  Since the durat ion of t rea tment  in 4 M LiC1 and the ratio of light to 
heavy subuni t  dictate the degree of recombination,  an a t tempt  was made to use the 
identical conditions for both myosins as much as possible. 

Table I shows the results of experiments in which s imultaneously and identically 
prepared heavy matr ix  and light subuni ts  from S- and F-myosins  were recombined. 
The light subuni ts  had no ATPase bu t  the preparat ions of the heavy matr ix  had a 
sizable residual activity,  being contamina ted  by light units.  I t  was not possible to 
remove these by prolonged or repeated dissociative t rea tment  with LiC1, because this 
led to irreversible denatura t ion,  thus we must  work with the handicap of a consider- 
able background activity.  It  is clear, however, tha t  the inclusion of the light subuni t  
resulted in the enhancement  of ATPase activities from both S- and F-myosins.  

Fig. 2. \crylamide eleccrophoresis of myosin light subunit after LiC1 treatments, of S- and l: 
myodn as I:L ).'l~d Gel elec~roptto~esis was carried out by the modified method of I)t~;YL cl a[): 
stain ~1 wiCa ; )~m tssie brilli~mt blue, using Io cm, 7-5 o~) gels. Note that the lowest bands (marked 
with a h~-"i ~, ~ a'M 1;he) Ao n:)t represent separate components, but are the leading edges of the dye 
II*l~tl'lCeF. 
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TABLE [ 

R E C O N S T I T U T E D  A T P A s E  A C T I V I T Y  AS P E R C E N T  OF N A T I V E  M Y O S I N  

Ca2~-ac~ivated ATPase was determined in the medium containing 5 ° mM Tris-acetate buffer, 
pH ,~.o, i mM CaCI 2, i mM ATP and o.i mg protein per ml medium. All reactions were initiated 
by the addit ion of ATP at 25 °. 

Fraction A TPase activity (%) 

S-myosin  * F-myosin  * ~ 

Control IOO IOO 

Precipitate 41.4 I 5 .0 46.9 ~ 3-3 
Precipitate + supernatant  from S-myosin 6o.3 ± 4.7 68.4 ± 4 .2 
Precipitate + supernatant  from F-myosin 78.1 = 6. 3 8o.2 ± 3.5 
Superna tan t  o o 

" Mean values from four experiments; control ATPase of S-myosin: o.158 ~_ O.Ol 5 l~llloles Pi 
per nlg per rain. 

** Mean values from five experinlents, control ATPase of F-myosin: 0.65 ± 0.05. 

I n t e r e s t i n g l y  t h e  l i g h t  s u b u n i t  p r e p a r e d  f r o m  F - m y o s i n  cou ld  n o t  o n l y  s u b s t i t u t e  for  

t h e  l i g h t  s u b u n i t  in  S - m y o s i n  b u t  a lso g a v e  a h i g h e r  deg ree  of r e e o n s t i t u t i o n ,  wh i l e  

c o n v e r s e l y  t h e  l i g h t  s u b u n i t  p r e p a r e d  f r o m  S - m y o s i n  r e c o n s t i t u t e s  F - m y o s i n  less 

e f fec t ive ly .  

T h e  f ind ings  so fa r  do  n o t  a l low a c l ea r  dec i s ion  w h e t h e r  t h e  h i g h  r e e o n s t i t u t i o n  

o b t a i n e d  w i t h  t h e  F - s u b u n i t s  is due  to  a g r e a t e r  a f f in i ty  for  r e c o m b i n a t i o n  o n  t h e i r  

p a r t .  T h e  r e s u l t s  a re  al l  t h a t  c a n  be  a c h i e v e d  u n t i l  n e w e r  m e t h o d s  of d e c o m p o s i n g  t h e  

m y o s i n  a re  d i s cove r ed ,  b u t  t h e y  do  s ugges t  some  deg ree  of p a r t i c i p a t i o n  b y  t h e  l i g h t  

s u b u n i t s  in  d e t e r m i n i n g  t h e  A T P a s e  a c t i v i t y  of t h e  t o t a l  molecu le ,  a n d  show,  in a n y  

case,  t h a t  t h e s e  u n i t s  are  e x c h a n g e a b l e .  One  idea  u n d e r l y i n g  ou r  a t t e m p t s  was  t h a t  

t h e y  m i g h t  be  a m o l e c u l a r  c o u n t e r p a r t  of t h e  a l t e r e d  m y o s i n - A T P a s e  a c t i v i t i e s  in-  

d u c e d  b y  n e r v e  c ross ing  3, a n d  t h i s  is in  l ine  w i t h  t h e  f i nd ings  of SAMAHA et al. TM on  t h e  

r e c i p r o c a l  c h a n g e s  in l i gh t  s u b u n i t s  ( a n d  of p H  s e n s i t i v i t y )  a f t e r  e r o s s - i n n e r v a t i o n .  
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