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ON T H E  M O L E C U L A R  W E I G H T  OF MYOSIN 
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The major, and sometimes the only, peak visible in a schlieren diagram of sedimenting 
5-h extracted "myosin B" arises from myosin 1, and not, as once assumed 2, from the 
principal light-scattering substance in a myosin-B solution. In reaching this conclusion 
we have measured the molecular weight of this major component (which studies in the 
ultracentrifuge with u.v.-absorption optics have shown to be about 65 % of the total 
protein of 5-h myosin Ba), and compared it with the molecular weight of separately 
prepared myosin, using both the newly developed approach to sedimentation equi- 
librium (or "ARCHIBALD") method a,4,~ and the conventional sedimentation velocity 
diffusion techniques. Thus we have incidentally collected new ultracentrifugal data 
on the molecular weight of myosin, and here present these data in their own right 
because the molecular weight of myosin seems to continue to be controversial% 

METHODS 

Myosin B was  p repa red  using a 5-h e x t r a c t i o n  of r a b b i t  muscle  mince  wi th  \Veber -Edsa l l  solut ion,  
ai{d myosin ,  or " m y o s i n  A", was p repared  by  e x t r a c t i n g  muscle  mince  in the  presence of ATP**. 
All p rqpa ra t ions  showed an accep taMy high ATPase ac t iv i ty2 ;  the  myos in  so lu t ion  showed no 
t u r b i d i t y  drop upon add i t i on  of ATP, and  the  s e d i m e n t a t i o n  of the  p r inc ipa l  componen t  of 
m\ 'os in  1¢ was not  affected by" ATP. The so lven t  employed  was o.6 M KC1, ad jus t ed  to  p H  7.o wi th  
d i iu te  1-it'l or KOH.  

The u l t r acen t r i fuge  was  a Spinco Model E, equ ipped  wi th  a phase -p la te  schl ieren d iaphragm,  
and a Spinco RTIC s y s t e m  for r o t o r - t e m p e r a t u r e  m e a s n r e m e n t  and  control .  The  solut ions  were 
ref r igera ted  (about  5 °) un t i l  j u s t  before use, and  in runs  of more  t h a n  9o rain d u r a t i o n  the  ro tor  
t e m p e r a t u r e  was m a i n t a i n e d  a t  5 ° . Shor t  runs were carr ied out  wi th  the  ro tor  a t  room t empera tu r e ,  
a f te r  e s tab l i sh ing  t h a t  s e d i m e n t a t i o n  p a t t e r n s  and  coefficients are unchanged  by  such exposures.  
All runs  were m a d e  in cells wi th  p las t ic  (Kel-F) centerp ieces  e. P l a t e s  were read wi th  a Gaer tne r  
two-d imens iona l  compara to r .  In  using the  Arch iba ld  method ,  m e a s u r e m e n t s  were made  a t  the  
nnmiscus  on ly ;  no ar t i f ic ia l  cel l-base 5 was employed  becanse  p r e l i m i n a r y  e x a m i n a t i o n  showed 
evidence of surface d e n a t u r a t i o n  of myos in  a t  the  in ter face  be tween  the  so lu t ion  and the  silicone oil 
usua l ly  used as a cell base. For  ob t a in ing  S vs. c d a t a  a t  ve ry  low concen t ra t ions  (c ~ ] o -2 g / l  oo ml) 
the  schl ieren d i a p h r a g m  was  shi f ted  from the  center  of the  opt ica l  t rack ,  t hus  m a k i n g  possible the 
v i sua l i za t ion  of boundar ies  by us ing angles  as low as 5 ° for the  schl ieren d iaphragm.  Also, in such 
m e a s u r e m e n t s  long (3 ° mm) opt ica l  pa th  cells were  emphhved. ])iffusion coefficients were e s t ima ted  
from b o u n d a r y  s tn 'eading a t  abou t  5' by both a rea -he igh t  and  inf lec t ion-point  methods .  The 
b o u n d a r y  was formed e i ther  in a s y n t h e t i c  b o u n d a r y  cell, or else i t  was formed in a regular  cell, 
moved  r ap id ly  to  the  midd le  of the ceil and then Mlowed to  spread at  low rotor  speeds. The par t i a l  
specific vo lume was t a k e n  to  be o.7287. 

" The ~)pini~ms expressed in th is  a r t ic le  are those  o f  the  auth()rs, and ( l o  not necessarih* reflect 
the opini(ms ~f the Navy  I ) e pa r tm e n t  or the Naval  Service at  large (S t a t emen t  a(hh'd in accordance  
wi th  /*. ,%. N a v v  reI4ulations). 

* * This  tu-eparati(m was devised and k ind ly  suppl ied  to us l)y Dr. JEAN I{OTTS. 

lec/cre,,,,,s p. 507. 
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RESULTS 

The results of an Archibald-type experiment are illustrated in Fig. I, where Mm, the 
weight-average molecular weight of the sedimenting system calculated at the meniscus, 
is plotted against time of centrifugation at 42o0 r.p.m.*. Extrapolation of the (upper) 
myosin 13 curve to time zero shows that the initial weight-average molecular weight 
for the system is several million grams, as deduced from light scattering 2. As centri- 
fugation continues, however, the heavier components pull away from the meniscus, 
and the molecular weight falls, finally approaching asymptotically the molecular 
weight of the lightest species present, viz., (4.2 ± 0.2). IoSg.The myosin ("myosin A"), 
on the other hand (lower line), showsfrom the beginning a constant molecular weight, 
viz., (4.26 ± 0.09)" IO 5 g. Clearly the lightest species present in myosin 13 is myosin, 
and we have here two closely agreeing estimates for the molecular weight of myosin. 
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Fig. I. Molecular  we igh t  of m y o s i n  (lower curve) and  5-h ex t r ac t ed  m y o s i n  B (upper  curve) ,  
m e a s u r e d  a t  the  men i scus  by  t he  " A r c h i b a l d "  app roach  to s e d i m e n t a t i o n  equ i l ib r ium techn ique ,  
as a func t ion  of t i me  of s e d i m e n t a t i o n  a t  4197 r .p .m,  and  ca. 5 °. In i t ia l  p ro te in  concen t ra t ions ,  

0. 5 g / ioo  ml. 

In Fig. 2 the $2o of the major component of 5-h myosin B is plotted against the 
protein concentration**. S~0, from extrapolation to infinite dilution, is 6.25 ~= o.15 S. 
It  is interesting that when measurements at sufficiently low concentrations are made, 
the Sz0 vs. c curve does not swerve upward, as it does for many asymmetric substances 
(see also PORTZEHL el al.8). 

D~0 , (De0 extrapolated to infinite dilution), could only be estimated crudely 

" Th i s  ro to r  speed was  chosen  because  t he  oppos ing  s e d i m e n t a t i o n  and  diffusion fluxes of 
par t ic les  of molecu la r  we igh t  ca. 5" lO5 g are a b o u t  equal  in th i s  g rav i t a t iona l  field. T h u s  near  the  
m e n i s c u s  we can  follow t he  a p p r o a c h  to s e d i m e n t a t i o n  equ i l ib r ium of par t ic les  of th i s  size, while 
m u c h  larger  par t ic les  are  rap id ly  s e d i m e n t e d  ou t  of th i s  region of t he  cell. 

** These  obse rva t ions  were m a d e  af ter  a half  hour  of cen t r i fuga t ion  a t  52,640 r .p .m.  Separa te  
u .v . - abso rbance  m e a s u r e m e n t s  a show t h a t  unde r  these  condi t ions  some  35 % of the  to ta l  protein,  
in  the  form of m u c h  heav ie r  molecu la r -we igh t  componen t s ,  ha s  s ed imcn ted  comple te ly  to t he  base 
of t he  cell, t h e r e b y  e l imina t ing  possible  compl ica t ions  due  to t he  J o h n s t o n - O g s t o n  cfTcct. 
Accordingly  t he  concen t r a t i ons  shown  are 65 ~o of the  init ial  to ta l  p ro te in  concen t ra t ions .  

R e [ e r e . c e s  p.  507.  
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Fig. 2. Sedimentat ion 
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from our experiments. Values of D20 obtained employing the synthetic boundary cell 
(at ca. 5000 r.p.m.) are probably too low despite our efforts (observation only after 
considerable centrifugation and only on the solvent side of the boundary) to eliminate 
heavy components. Observations made by  centrifuging the boundary to the middle 
of a standard cell before permitting diffusion are free of the heavy-component com- 
plication, but involve relatively large zero-time corrections. Averaging results from 
both methods, D~0 at c ~-~.35 g/Ioo ml is approximately I" lO _7 cm2/sec. Assuming, by 
analogy with the behavior of S~0 as a function of c, that  D~0 is about two-fifths 
higher, and combining this value with the above S~0, we obtain a conventional 
molecular weight estimate of 4" lO5 g, in reasonable agreement with that  given by  
the Archibald method. 

We feel that  the Archibald method, on which our myosin molecular weight 
estimate of 4.2, lO 5 g is primarily based, is well suited to the problem since, as applied 
here it involves measurement under conditions wherein the sedimentation flux is of 
the same magnitude as the diffusion flux, i .e.,  very small. Thus the hydrodynamic 
complications which play a role in the concentration dependence of both S and D for 
asymmetric proteins are avoided here, and the dependence of molecular weight on 
concentration is given by the virial expansion 9. At high (0.6 M KC1) ionic strength it 
can be expected, and indeed it is found 2, that  the second virial coefficient for the 
myosins is essentially zero; therefore the molecular weight measured by the present 
technique should be practically identical with the molecular weight at infinite dilution. 

Our numerical result, like those of several others (5oo,ooo g by sedimentation- 
diffusionl°; 65o,ooo gn and 53o,ooo gl~ by  light-scattering), is low relative to the 
sedimentation8-diffusion la (838,0oo g) and osmotic 13 (840,o00 g) results of PORTZEHL 
et al. ; however, our result is in line with such minimum molecular weight estimates as 
can be made from data on myosin sub-units. 

Re/ere~Tces p.  5 0 7  . 
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S U M M A R Y  

By  the  Archibald .  a p p r o a c h  to s e d i m e n t a t i o n  equ i l ib r ium m e t h o d ,  we h a v e  found  a m o l e c u l a r  
weight  of 4.2- lO 5 g for ei ther ,  (I) m y o s i n  (A) or, (2) t he  pr incipal ,  (ca. 65 % by  weight) ,  schl ieren-  
visible c o m p o n e n t  of 5-h e x t r a c t e d  m y o s i n  B. Th i s  s ame  va lue  ha s  also been  e s t i m a t e d  f rom t h e  
conven t iona l  Sed imen ta t ion  veloci ty-di f fus ion m e t h o d ,  us ing  s e d i m e n t a t i o n  coefficients ob ta ined  
a t  v e r y  low p ro t e in  concen t r a t ions ,  and  diffusion coefficients m e a s u r e d  by  obse rv ing  b o u n d a r y  
sp read ing  in s y n t h e t i c  b o u n d a r y  cells. A l t h o u g h  lower t h a n  h i the r to  repor ted  molecular  we igh t s  
for m y o s i n  (A), t h i s  va lue  is in line wi th  m i n i m u m  molecula r  we igh t  e s t i m a t e s  based  on the  p re sen t  
knowledge  of m y o s i n  sub -un i t s .  
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A condensed  a c c o u n t  of t he  foregoing resu l t s  appea red  on p. I4T, Abstracts, i32nd Meeting, 
Am. Chem. Soc., New York,  Sep tember ,  1957. I t  is encourag ing  to no te  t h a t  s ince th i s  paper  ha s  
been  in  press ,  t he r e  h a v e  appea red  p re l imina ry  repor t s  of va lues  for the  molecular  weight  of 
m y o s i n  wh ich  agree  closely wi th  those  r epor t ed  here,  viz., t h e  repor t  of W. F. H. M. MOMMAERTS 
AND B. B. ALDRICH (Science, 126 (1957) I294), who  used t he  "Arch iba ld  m e t h o d " ,  and  t h a t  of 
J. GERGELY (p. 46, Abstracts, Biophys. Soc. Meeting, Boston ,  Feb rua ry .  1958 ) who used  l ight-  
sca t te r ing .  

A STUDY OF THE a-KETO-ACIDS IN BLOOD 
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I N T R O D U C T I O N  

Several keto-acids are present in biological fluids and it is obvious that their individual 
quantitative estimation is necessary in order to understand their role in normal and 
pathological metabolic states. 

A number of methods have been devised for their quantitative determination. 
The most recent among them is an enzymic procedure which is rapid and specific, but 
is limited, at the moment, to a few a-keto-acids 1,2. 

The colorimetric determination of a-keto-acids, which is simple and fairly accurate, 
has been used for some fifteen years. The best known method, has been described by 
FRIEDEMANN AND HAUGEN 3 and consists in the colorimetric assay of the 2,4-dinitro- 
phenylhydrazones of a-keto-acids in alcaline medium. These and other authors 
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