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The r e l a t i v e  r a t e s  of  comple t ion  of smal l  and l a r g e  subun i t s  of  myosin 
were de termined  by comparisons of  3H/14C r a t i o s  of subun i t s  from a mix tu re  
of  p a r t i a l l y  (3H) and un i fo rmly  (14C) l a b e l e d  myosin.  Small and l a r g e  sub- 
u n i t s  were s epa ra t ed  by i s o e l e c t r i c  focus ing  (9 M urea)  and SDS e l e c t r o -  
p h o r e s i s  in  d i l u t e  po lyac ry lamide  g e l s .  In  a l l  cases  the 3H/14C r a t i o  of  
s m a l l s u b u n i t s  was s i g n i f i c a n t l y  h ighe r  than t h a t  of  the l a r g e  s u b u n i t s .  
We i n t e r p r e t  t he se  da ta  to  i n d i c a t e  t h a t  the smal l  subun i t s  were s y n t h e s i z e d  
i ndependen t ly  and thus completed and r e l e a s e d  from polyr ibosomes more r a p i d l y  
than the large subunits. 

It is now apparent that myosin is composed of subunits which differ in 

size by an order of magnitude (i). With the accumulation of evidence that 

the small subunits comprise an essential part of biologically active myosin, 

it has become important to know if the synthesis of the small subunits 

(MW 17-30,000) is coordinated with that of the large subunits (MW 200,000). 

Sarkar and Cooke (3) and Low, Vournakis, and Rich (3) have recently reported 

results of in vitro studies on isolated polyribosomes; they agree that the 

light chains are assembled on small polyrihosomes and the heavy chains are 

synthesized independently on large polyribosomes. These reports provide con- 

vincing evidence for independent synthesis of the myosin subunits on isolated 

ribosomes in vitro, but the possibility remains that intact muscle may conceal 

some mechanism for coordination of synthesis of the myosin chains. To 

investigate this possibility, we have adopted the procedure first used by 

Dintzis (4) to study direction of peptide chain growth in reticulocytes. Our 

results agree completely with the findings of Low et al. (3) and of Sarkar and 

Cooke (2); there is no apparent coordination of biosynthesis of small and 

large subunits of myosin in intact muscle. 

*Present address: Pharmacology Dept., SUNY Upstate Medical Center, Syracuse, N.Y 
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Experimental Procedures 

Myosin was labeled by injecting 0.I ml of radioactive leucine (i.0 mCi 3H-L- 

14 
leucine, 48 Ci/~mole, per embryo for partial labeling; 0.15 mCi C-L-leucine, 

0.24 Ci/mmole, per embryo for uniform labeling) in both legs of 17-day chick 

embryos. The eggs were opened at the embryo pole, taking care to minimize 

damage to blood vessels; the embryo was turned or delicately lifted to expose 

the legs for injection. The inoculated embryos were incubated for 3 min at 

room temperature (20-22 ° ) for partial labeling; incubation was for 45 min 

at 38 ° for uniform labeling. These incubation times and temperatures were 

chosen from the results of preliminary time-course experiments in which 

relative labeling of light and heavy chains was compared. After incubation, 

myosin was extracted from the embryo leg muscle at pH 6.5 for 15 min as 

previously reported (5) and purified by treatment with RNase and chromato- 

graphy on DEAE-Sephadex A-50 (6,7). At this point the two labeled myosin 

samples were mixed in equal quantities and the double labeled myosin was 

analyzed by polyacrylamide gel isoelectrie focusing (6) and SDS-polyacrylamide 

gel electrophoresis (8); both procedures have the great advantage of giving 

simultaneous resolution of the small and large subunits in a single gel. 

The polyacrylamide cylinders from both methods were fixed in 10% (w/v) 

trichloroacetic acid, frozen in dry ice-ethanol, and sliced for counting by 

one of two methods: some were uniformly cut into 1.5 nm~ slices with a block 

of razor blades (9), and others were cut manually to give slices corres- 

ponding to the small and large subunits revealed by staining with Commassie 

blue or bromphenol blue. The slices were covered with 0.5 ml NCS (Amersham- 

Searle) in glass counting vials, incubated at 65 ° for 2 hours, and processed 

for counting as described previously (9). Under our conditions, 3H was 

counted at about 35% efficiency and 14C at 65% efficiency, with backgrounds 

in both channels in the range 15 to 25 cpm. All samples were counted to a 

minimum of 4000 total counts and vials exhibiting count rates less than 

double background were not considered. Details of our external standard 
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procedure for determining counting efficiencies and computing dpm 3H 

and 14C are described elsewhere (9). 

Results and Discussion 

Typical results from the counting of uniformly sliced gels are presented 

in Figure I. Unfortunately the 1.5 mm slic~s were too wide to allow com- 

plete resolution of the bands containing the small subunits, and thinner 

slicing lowered count rates to unacceptable levels. In both IEF and SDS 

gels, the region of the small subunits exhibited a 3H/14C ratio substantially 

higher than that of the region corresponding to the large subunits. The 

higher "background" and slightly smaller difference in 3H/14C ratio in the 

IEF gels is probably attributable to some entrappment of myosin within pores 
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Figure I. Distribution of 3H and 14C in Myosin Fractionated by Isoelectric 
Focusing and SDS-Electrophoresis in Polyacrylamide Gels. Myosin was labeled, 
extracted, and purified as described in the text. Isoelectric focusing (7) 
was done in 9 M urea, ampholite pH range 5 to 8, and SDS-electrophoresis 
as described by Paterson and Strohman (8). The gels were fixed in 10% (w/v) 
trichloroacetic acid and sliced into uniform slices 1.5 mm thick. 
The slices were counted and absolute radioactivity computed as described 
in the text. Large and small components of myosin are designated by L and S~ 
respectively; small components are identified by their more rapid mobility 
in SDS-electrophoresis and by the behavior of isolated small subunits in 
isoelectric focusing (7). Solid lines indicate 3H and dotted lines 14C. 
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of the polyacrylamide gel; the sample was present homogeneously throughout 

the gel during the polymerization process. 

Radioisotope determinations in slices of individual bands from the gels 

confirm the difference between light and heavy chains indicated in Figure I; 

data from several analyses are sun~arized in Table i. The small subunits 

exhibited a consistently and significantly higher 3H/14C ratio by both 

methods of analysis. 

These results can be interpreted in two ways. In the simpler (and in 

our opinion, more probable) view, a much greater percentage of small than 

of large subunit chains were completed, released from polyribosomes, and 

associated with mature myosin molecules during the short labeling with 

3H-leucine. This could not happen if completion of the small subunits were 

in some way limited to a rate no greater than that of completion of large 

subunits. This interpretion is in agreement with the reports of Sarkar and 

Cooke (2) and of Low et al. (3) that the two kinds of subunits are syn- 

thesized on separate populations of polyribosomes. 

One possible mechanism for coordination of synthesis of large and small 

subunits is consistent with our data. As Dintzis (4) has shown, the C-terminal 

portion of newly synthesized polypeptide chains are relatively highly labeled 

following a short incubation period. Light meromyosin is considered to be 

at the C-terminal end of the large subunit of myosin (i). Thus if the small 

components were synthesized as a simple continuation of the peptide chain 

beyond the light meromyosin terminus (and presumably removed subsequently 

as in the conversion of proinsulin to insulin), then the small subunits would 

exhibit the higher 3H/14C ratios we observed. Considering the length of the 

myosin molecule and the ultimate association of the small subunits with heavy 

rather than light meromyosin (I0,ii), we regard this as unlikely. However, 

if the myosin chains grow from C- to N-terminus as suggested by lwata and 

Kaji (12) for certain ribosomal proteins, then coordinated synthesis of small 

subunits could lead to formation of the small subunits at the heavy meromyosin 
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end of the chain. Of course, these single chain models are completely incon- 

sistent with the observations of Sarkar and Cooke (2) and of Low et al. (3); 

while the possibility exists that their "light chains" could actually be por- 

tions of heavy chains synthesized on fragments of polyribosomes formed as 

artifacts during the isolation procedure, it seems extremely unlikely that 

such fragments would coincide fortuitously with the size of mRNA for the 

small subunits normally associated with myosin. 

We conclude that our results support the suggestions of Sarkar and Cooke 

(3) and Low, Vournakis, and Rich (3) that the light chains of myosin are 

synthesized independently of the heavy chains on a different population of 

polyribosomes; they are probably produced by genes different from those for 

the large subunits as recently suggested by Sarkar et al. (13). In addition, 

our results demonstrate that there is no effective in vivo mechanism for one- 

to one coordination of biosynthesis of the large and small subunits in embryonic 

chick muscle. 

Acknowledgements 

We thank Mrs. Barbara-Anne Battelle for assistance in injecting and 

dissecting the embryos. This study was supported by grants from the American 

Heart Association and the National Heart and Lung Institute, USPHS. 

Bibliography 

I. Young, M., Ann. Rev. Biochem. 38, 711 (1969). 
2. Sarkar, S., and Cooke, P. H., Biochem. Biophys. Res. Comm. 41, 918 (1970). 
3. Low, R. B., Vournakis, J. N., and Rich, A., Biochemistry I0, 1813 (1971). 
4. Dintzis, H. M., Proc. Nat. Acad. Sci., U.S. 47, 247 (1961). 
5. Florini, J.R., and Brivio, R. P., Analyt. Biochem. 30, 358 (1969). 
6. Richards, E. G., Chung, C-S., Menzel, D. B., and Olcott, H. S. Biochemistry 

~, 528 (1967). 
7. Florini, J. R., Brivio, R. P., and Battelle, B-A. M., Analyt. Biochem. 

40, 345 (1971). 
8. Paterson, B., and Strohman, R. C., Biochemistry ~, 4094 (1970). 
9. Florini, J. R., Biochemistry ~, 909 (1970). 

i0. Gershman, L. C., Dreizen, P., and Stracher, A., Proc. Nat. Acad. Sci., U.S. 
56, 966 (1966). 

ii. Oppenheimer, H., Barany, K., Hamoir, G., and Fenton, J., Arch. Biochem. 
Biophys. 120, 108 (1967). 

12. lwata, S., and Kaji, H., Proc. Nat. Acad. Sci. 68, 690 (1971). 
13. Sarkar, S., Sreter, F. A., and Gergely, J., Proc. Nat. Acad. Sci. 68, 946 (197 
14. Snedecor, G. W., and Cochran, W.G., Statistical Methods, Iowa State Univer- 

sity Press, Ames. 1967. 

633 


