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F R A G M E N T A T I O N  OF T H E  MYOSIN M O L E C U L E  

by 

T.-C. TSAO 

Biochemical Laboratory, Cambridge (England) 

Since the classical work of H. H. WEBER 1 on the chemistry and quantitative charac- 
terisation of myosin, a wide range of physical, physicochemical and biochemical methods 
have been applied to the study of the size, shape and enzymic properties of this globulin. 
The picture which emerges from the diverse investigations first on actomyosin, then 
on the actin-poor and so-called "crystalline" myosin and lately on the ultracentrifugally 
homogeneous preparation of PORTZEHL, SCHRAMM AND WEBER 2, is that of a highly 
elongated molecule. The size is of the order of lO s and the axial ratio about ioo. As- 
sociated with the molecule are the activities of adenosine triphosphatase (ENGELHARDT 
AND LYUBIMOVA 3) and to a greater or less degree adenylic acid deaminase (FERDMAN 
AND NICHIPORENKO 4) and inosine triphosphatase (NEEDHAM, KLEINZELLER, MIALL, 
DAINTY, NEEDHAM AND LAWRENCE5). 

I t  is difficult to imagine that a fibrous molecule of the dimensions and complexity 
of myosin could be synthesized fully formed from its template. The existence of subunits 
has been discussed from time to time and various values for the size of the subunits 
reported: IOO,OOO (H. H. WEBER AND STOVER6; MOMMAERTS 7) 1-3oo,ooo (MoMMAERTS8), 
17,ooo and 15o,ooo (SzENT-GY6RGYI°), 70,000 (SZENT-GYORGYII°--the "autones" of 
SZENT-GYORGYI n) and 40,000 and 80,000 (MItlALYI, see SZENT-GYORGYII2; A. G. SZENT- 
GV6RGYIlS). The direct estimate by WEBER AND STOVER s using osmotic pressure tech- 
nique was made on a myosin preparation which is now known to be impure, and that 
by MIHALYI ~2 and by A. G. SZENT-GYORGYI 1~ employing tryptic digestion, though ex- 
tremely important in throwing new light on the location of the adenosine triphosphatase 
activity on the myosin molecule, is of unassessed value for subunit studies owing to 
the probable fission of peptide linkages. The other values were derived from indirect 
inferences or supported by little experimental evidence. 

To conceive a molecular architecture for myosin and to correlate structure with 
function, more precise information on the submolecular level is obviously needed. The 
aims of the present investigation were to determine the quantitative trend of depoly- 
merisation of a myosin preparation that is free from other protein contaminants, and 
to separate the subunits and characterise their individual dimensions by osmotic pressure 
and fluorescence-polarisation measurements. I t  was found that the myosin molecule is 
made up of two kinds of subunits: those with no identifiable terminal residue, possibly 
cyclic, of average particle weight I65,ooo, and open chain polypeptides of I6,OOO. There 
is no evidence as yet  that tropomyosin forms part of the myosin molecule, nor has it 
been possible to separate the adenosine triphosphatase activity. 
Re/erences p. 382. 
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MATERIAL AND METHODS 

Preparation and purity o/myosin. Myosin  was  p repared  f rom rabb i t  skele ta l  musc le  essent ia l ly  
by  t he  m e t h o d  of SZENT-GYORGYI 9- Before t he  second "c rys t a l l i s a t ion" ,  t he  solut ion of m y o s i n  in 
0.6 21¢ KC1 was  filtered t h r o u g h  pape r  pulp.  To r emove  the  smal l  a m o u n t  of ac t in  p re sen t  in the  
reprec ip i ta ted  myos in ,  t he  a m m o n i u m  su l pha t e  f rac t iona t ion  procedure  of DUBUISSON 14 as  adop ted  
by  SZENT-GY6RGYI 9 WaS employed.  The  f rac t iona t ion  was  carr ied ou t  a t  o ° C, and  a s a t u r a t e d  am-  
m o n i u m  su lpha te  solut ion,  t he  p H  of wh ich  had  been ad ju s t ed  to 6. 5 wi th  a m m o n i a ,  was  added  
wi th  s t i r r ing  to the  loosely packed  prec ip i ta te  of myos in .  The  init ial  add i t ion  br ings  t he  gel into  
solution,  and  sa l t ing-ou t  begins  a t  a b o u t  3 ° % s a t u r a t i o n  when  a s l ight  t u r b i d i t y  first appears .  The  
solut ion was  b r o u g h t  to 4 ° % sa t u r a t i on  and  centr i fuged.  The  myos in  in t he  s u p e r n a t a n t  was  pre-  
c ipi ta ted by  fu r the r  add i t ion  of a m m o n i u m  su l pha t e  to 5 ° % sa tu ra t ion ,  s epa ra t ed  on t he  cen t r i fuge  
and  dialyzed aga ins t  rapid  changes  of disti l led wa te r  in t he  ice-chest .  The  pro te in  was  b roughc  in to  
solut ion by  d ia lyz ing aga ins t  severa l  changes  of the  so lven t  to be used in the  inves t iga t ion .  

Myosin  prepared  according to th is  p rocedure  (hencefor th  denoted  as myos in  40-5 ° % for con-  
venience) is e lec t rophore t ica l ly  homogeneous  (Fig. i). E n d - g r o u p  a s say  (BAILEY 15) by  SANGER'S 

t echn ique  16 ind ica ted  t h a t  the re  is one tool of t e rmina l  
res idue  for every  4-5oo,ooo g of protein.  The  pro te in  
is readi ly  soluble in o. 5 M KC1, g iv ing a water -c lear  solu- 
t ion which  shows ne i ther  fall nor  rise in v iscos i ty  in t he  
presence  of adenos ine  t r i phospha t e .  I n  the  f ract ion wh ich  
came  ou t  a t  less t h a n  4 ° % sa tu ra t ion ,  on t he  ottxer hand ,  
a s l ight  dependence  of v iscos i ty  on shea r  ra te  and  on t he  

~'Ascending presence  of A T P  was  ev iden t ;  and  such  a fract ion,  a f t e r  
d ry ing  in e thano l - e the r  and  ex t r ac t i ng  wi th  M KC1 a t  

Fig. i .  E lec t rophore t ic  d i ag ram of p H  7 or 13, showed a s t rong  u l t rav io le t  absorp t ion  a t  
myos in  4 o - 5 o % .  In  o.I M glycine, 26o m/2. All these  m a y  be regarded  as ind ica t ions  of t he  
o.2 M KC1, o.o8 N N a O H ,  p H  9.o; presence of ac t in  impur i t i e s  in t h a t  fract ion.  
overall  vo l tage  15 V, 5 mA,  3o.5 hours .  I t  is pe rhaps  wor th  m e n t i o n i n g  in th is  connex ion  t h a t  

when  "crystalline'" m y o s i n  was  d e h y d r a t e d  and  ex t r ac t ed  
in a s imilar  way,  it  was  possible to isolate a b o u t  o . 9 %  of t r opomyos in  which  was crystal l ised.  

Myosin  4o-5 ° % was  found  to spli t  off only  one p h o s p h a t e  group f rom A T P  and  was  therefore  
free f rom m y o k i n a s e  (see BAILEy17). The  Qp value,  however ,  was  low compared  wi th  u n f r a c t i o n a t e d  
myosin .  W h e r e  a p repa ra t ion  of thr ice  p rec ip i ta ted  and  filtered myos in  (also myok inase - f r ee  by  t he  
s ame  criterion) showed a Qp 25 ° of 1,3oo, t he  va lue  was  reduced  to 300 af ter  f rac t iona t ion .  Th i s  is 
p robab ly  due  to inac t iva t ion  b y  t races  of meta l l ic  c o n t a m i n a n t  in A.R.  a m m o n i u m  su lpha t e  a n d  
t h r o u g h  t he  long dialysis  needed  to r emove  it. Never the less ,  it h a s  been t h o u g h t  wor thwhi le  for 
the  p re sen t  inves t iga t ion  to sacrifice enzymic  ac t iv i ty  for e lec t rophoret ic  homogene i ty .  

I n  t he  p re sen t  procedure  a n y  " d e n a t u r e d "  (i.e. aggregated)  myos in  (H. H. WEBER 18) which  
would have  ar isen f rom t h e  two "c rys t a l l i s a t ion"  s teps,  would m o s t  p robab ly  be sal ted ou t  as a 
consequence  of its g rea te r  mass ,  a t  4 ° % sa tu ra t ion ,  when  some  m y o s i n  too began  to precipi ta te .  

In  concen t ra t ed  u rea  solut ion (6.7 M urea, o.o75 M phospha t e ,  p H  6.5) myos in  4 0 - 5 0 %  was  
found  to give a wa te r  clear solut ion,  while those  for t he  once or twice "c rys t a l l i s ed"  m y o s i n  differed 

in degree of opalescence.  
Reagents. The  purif icat ion of u rea  and  guan id ine  hydroch lor ide  was  carr ied ou t  according to  

STEINHARDT 19 and  GREENSTEIN (see NEURATId, COOPER AND ERICKSON 20) respect ively .  
Physical measurements. M e a s u r e m e n t s  of osmot ic  pressure ,  v i scos i ty  and  pro te in  concen t r a t ion  

and  ca lcula t ion  of par t ic le  weight  and  shape  were carr ied ou t  by  m e t h o d s  descr ibed in an  earlier 
paper  (TsAo, BAILEY ANB ADAIR 21) and  the  s ame  no t a t i on  is employed  here.  

Polarisation measurements.The pro te in  depo lymer i sa t ion  p roduc t s  were coupled wi th  i - d i m e t h y l -  
a m i n o n a p h t h a l e n e _ 5 - s n l p h o n y l  chloride a t  o ° and  t he  polar i sa t ion  of t he  f luorescent  r ad ia t ion  of 

G \r~ EBER 2 T he  recl rocal  of t he  polar lsa t lon I/p was plo ed aga ins t  t he  complexes  m e a s u r e d  ( . , , ). -p ' " t~ . 
t h e  t empe ra tu r e -v i s cos i t y  rat io  T/'q, and  t he  ro ta t iona l  r e laxa t ion  t imes  eva lua t ed  f rom t h e  slope 

and  in te rcep t  22' 23,24. 
Electrophoresis. This  was  carr ied ou t  in the  Tisel ius a p p a r a t u s  (Adam Hilger  Ltd . ,  London)  

a t  4 ° C. 

RESULTS 

General considerations 
I t  has been well known, since the pioneer work of H. H. WEBER AND STOVER 6 and 

EDSALL,  GREENSTEIN AND M E HL  25, that  urea and a large variety of other substances 
cause depolymerisation of myosin. A possible, direct approach to the elucidation of the 
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presence and the dimensions of subunits is to use such depolymerising media under 
conditions where no peptide linkage is broken and to study the resulting fragments. 
The pessimistic view (c/. SNELLMAN AND ERI){SS =e) that, since depolymerised myosin is 
heterodisperse, methods such as osmotic pressure measurements give an average value 
which has no physico-chemical meaning is not altogether warranted. The polydispersity 
observed by SNELLMAN AND ERDOS is at least in part due to the starting material, 
"crystalline myosin", which is impure. Besides some "denatured" myosin is, it contains, 
as just shown, actin and tropomyosin. Although it is difficult to expect the degraded 
products of a pure myosin preparation to be homogeneous, physico-chemical measure- 
ments may nevertheless be of interest if the fragments happen to fall into distinct groups 
with regard to size, shape and chemical constitution. Furthermore, the observation of 
the course of depolymerisation as a function of time in one medium, and of pH or other 
variables in several media, may also yield valuable information concerning the structure 
of the macromolecule. 

For convenience, the trend of fragmentation of myosin in a number of depoly- 
merising media will first be described, followed by a study of the fractionation of the 
depolymerised units in concentrated urea solution. As depolymerisation progresses, it 
is possible in the first stages to effect the fractionation with ethanol and in the later 
with ammonium sulphate. The results obtained for the size and shape of the fragmented 
units from the two procedures are not identical but are complementary, and will be 
discussed in the above-mentioned order. Lastly, some preliminary results on attempts 
to degrade myosin to tropomyosin and to separate adenosine triphosphatase from 
myosin will be described. 

7"rend o~ depolymerisation o/myosin 
The following depolymerising media were used: concentrated guanidine solution 

(5.7 M guanidine HC1, o.o31 M Na2HPO 4, O.Ol 9 M KH~PO,, pH 5.4), dilute acid (o.I N 
HC1, pH 1.25) and dilute alkali (o.Io 4 M HaBOa, o.I N NaOH, pH lO.7; 0.2 M NaC1, 
o.I N NaOH, pH I3), as well as concentrated .urea solution (6.7 M urea, o.oi M 
Na2HPO ~, 0.062 M KH,PO~, pH 6.5). On the acid side of the isoelectric point, the 
solubility of myosin is decreased in the presence of neutral salts, and opalescent or gel-like 
solutions were obtained. For the dilute acid medium, o.I N HC1 alone was therefore 
chosen to yield a true solution. The solutions were kept at o ° and the average particle 
weights determined by osmotic pressure measurements. The electrophoretic behaviour 
of the products was examined after removing from the osmometers, and to ensure that 
no peptide bonds had been split during the period of the experiments, an assay of the 
terminal amino groups was also carried out (BAII, EY 15) both before and after the treat- 
ments. 

The results of osmotic pressure measurements are given in Figs. 2, 3, 4 and 5 and 
the calculated particle weights summarised in Table I. Some viscosity data are also 
included. For comparison, some results obtained for that fraction of twice "crystallised" 
myosin precipitating between o -^o/ 3 -~u/o saturation (i.e. rejecting the precipitate which 
first produces a turbidity) and for unfractionated myosin are also included. 

For convenience, the significance of the values for the average particle size of 
depolymerised myosin in relation to subunit weight will be considered later. I t  may be 
of interest here to make the following observations on the qualitative trend of depoly- 
merisation. 

Re[erences p. 382. 
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Fig. 2. Osmot ic  pressure  of myos in  in concen- 
t r a t e d  guan id ine  hydroch lor ide  so lu t ion  a t  o ° C. 
Solvent :  5-7 M guan id ine  HC1, o.o31 M 
Na2HPO 4, o.o19 M KH2POa, p H  5.4; - - O - -  
myos in  40-5 ° %, - -  X - -  myos in  3o-5 o %. 
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F i g ,  3. Osmot ic  pressure  of myos in  in  acid 
solut ion a t  o ° C. Solvent :  o . i  N HC1, p H  1.25; 
O myos in  4o-5 o % ,  X myos in  3o-5 o % ,  × 

myos in  unf rac t iona ted .  
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Fig. 4. Osmot ic  pressure  of myos in  in d i lu te  
a lka l i  a t  o ° C. So lven t :  O.lO 4 M boric acid, 

o . i  N NaOH,  p H  lO. 7. 
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Fig.  5. Osmot ic  pressure  of myos in  in a lka l i  a t  
p H  13, o ° C. Solvent :  o.I N NaOH,  o.2 M NaCI; 
O p r epa ra t i on  (a), × p r e p a r a t i o n  ( b ) - - O - -  
ion pressure  difference across the  semiperme-  

able  membrane .  

T A B L E  I 
A V E R A G E  P A R T I C L E  W E I G H T  O F  I ) E P O L Y M E R I S E D  M Y O S I N  BY" O S M O T I C  P R E S S U R E  M E A S U R E M E N T S  

preparation treatmen~ in days c =o C c =o Particle weight 

Myosin 4 o - 5 0 %  acid 1.25 6 - -  0.786 217,ooo ~ 16,ooo 
a lka l i  lO. 7 i o  - -  1.oo 3 17o,ooo ~ 5,000 
a lka l i  13 26-3o - -  12.o 14, ooo 
guan id ine  5.4 14 - -  0.578 294,000 ~2_ IO,OOO 
guan id ine  5.4 75 ° o.81 - -  - -  
urea  6.5 60 I. 12 - -  - -  
u rea  6. 5 240-485 o.61-o.7o - -  - -  

Myosin  3o-5 o % acid 1.25 6 0.646 264,000 
guan id ine  5.4 14 1.55 i io,ooo 
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I. Under identical conditions the osmotic behaviour of myosin precipitating between 4o-5 ° % 
saturation is different from that  which includes the 30-4 o% fraction. In guanidine hydrochloride, 
the average particle weight and osmotic pressure-concentration dependence of the latter is smaller 
than that  of the former; while in acid, the reverse is true. This may perhaps be attributed partly 
to the presence of actin impurity in the 30-4 ° % fraction, and partly to some "denatured" or aggre- 
gated myosin which is dissociable by guanidine but not by acid. For unfractionated, twice "crystal- 
lised" myosin, the solution was slightly opalescent; the osmotic pressure-concentration dependence 
was even higher; and at 3 % concentration, the solution set to a gel. 

2. The depolymerisation of myosin 40-5 ° % in concentrated urea solution seems to be a slow 
process. SNELLMAN AND ERDOS 28 have shown that  on treating "crystalline" myosin with concentrated 
urea solution for an hour, sedimentation-diffusion measurements indicated that  the molecules pos- 
sessed the same molecular weight but had become less symmetrical. After seven days' treatment,  
components with sedimentation constants less than 16 appeared as well. 

As intrinsic viscosity or hydration are functions of the axial asymmetry of the particles, which 
may arise from either fragmentation or aggregation and from a change in configuration, it offers 
a qualitative measure as to the extent of changes in depolymerising media. It can be seen from 
Table I that  changes continued after 60 days treatment at room temperature, and only appeared 
to reach a steady state after about 6 months. The solubility behaviour in urea-ethanol mixtures 
likewise showed the same trend. When myosin was freshly dispersed in the 6. 7 M urea-phosphate 
buffer, the addition of lO-15 vol % of ethanol caused precipitation of the protein. This ethanol 
precipitation "threshold" was found to  increase to about 3 ° % after 1-2 months and to 65 % after 
6 months. Between 6 and 18 months there seemed to be no change. The lowest value of intrinsic 
viscosity reached was about o.6-0.7, pertaining to particles of very high asymmetry, with axial 
ratios in tile neighbourhood of 30-4 o. 

3. Urea treated myosin showed a very strong tendency for gel formation. When the duration 
of urea t reatment  was lengthened, the strongly synaeresing gel, formed after dialysing away urea, 
gradually became limpid, and after six months, true solutions in water were obtained. These aqueous 
solutions of depolymerised myosin were viscous, showing no flow birefringence. On addition of neutral 
salts, the clear solutions became faintly turbid accompanied by a drop in viscosity. The magnitude 
of this drop, in contrast to that  of tropomyosin denatured in urea, was rather small. For a 0. 7 % 
solution, the fall was from a relative viscosity of 3.49 to 1.37. I t  is therefore likely that  this is due 
primarily to the reduction of electroviscous effects. 

4. Under the conditions used in the present investigation, guanidine hydrochloride appeared 
to be less effective than urea as a depolymerising agent, although usually the reverse is true. After 
two years t reatment  in guanidine HC1 at room temperature, the average intrinsic viscosity of myosin 
was higher than that  reached in urea after comparatively much shorter treatments. After dialysing 
away the guanidine, the protein formed an opalescent gel. 

5. Dilute alkali appeared to be a more effective depolymerising agent than either guanidine 
hydrochloride or dilute acid. At pH Io. 7 end-group analysis revealed that  there was no hydrolysis 
of peptide bonds. 

The osmotic behaviour at pH 13 (Fig. 5) was rather peculiar. In the osmotic pressure determi- 
nations, the pressure showed a steady rise; the apparent equilibrium was not reached until after 
about four weeks at o ° C and peptide bonds were split ; the N-terminal residues preferentially liberated 
were threonine, serine and the dicarboxylic acids (BAILEy15). The peculiar shape of the curve deserves 
special mention. The negative slope in the dilute region indicates dissociation by dilution. A positive 
slope may arise from particle asymmetry, solute-solute interaction and unequal distribution of ions 
across the semi-permeable membrane. U-shaped osmotic pressure curves have been obtained by 
Mr. ADAIR (personal communication) with human and horse serum albumin in acetate buffers of 
low ionic strength. They were also observed with actin in 0.6 M KI (TsAo27). The contribution of 
the charge effect can be estimated according to ADAIR AND I~_OBIIgSON ~8 and is also plotted in Fig. 5- 
I t  is seen that  this is far from being adequate in contributing to the extreme steepness of the right 
hand side of the curve. With these short fragments of average particle weight 14,ooo the entropy 
effect and the solute-solute interactions would be expected to be rather low. The almost vertical 
trend of the curve therefore remains puzzling. 

Fractionation o/delSolymerised myosin with urea-ethanol 

Myos in  was  d i s p e r s e d  in c o n c e n t r a t e d  u r e a  so l u t i o n  (6.7 M urea ,  0.062 M KH~PO~,  

o.012 7 M N a ~ H P O  4, p H  6.5) a n d  k e p t  fo r  o v e r  a m o n t h  a t  r o o m  t e m p e r a t u r e .  I n  a 

ser ies  of  t e s t  t ubes ,  e t h a n o l  a n d  t h e  p r o t e i n  so lu t i on  w e r e  m i x e d  w i t h  s t i r r i n g  in  d i f fe ren t  

r a t ios ,  k e e p i n g  t h e  f inal  v o l u m e  a t  3 ml.  A f t e r  c en t r i f u g i n g ,  2 m l  of  e a c h  s u p e r n a t a n t  

were. p i p e t t e d  o u t  a n d  t h e  p r o t e i n  r e m a i n i n g  in so lu t ion  p r e c i p i t a t e d  w i t h  excess  ot 
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ethanol. The precipitate was washed six times with IO ml portions of ethanol which 
removed all the urea. I t  was transferred quanti tat ively to a micro-Kjeldahl flask and 
the total  nitrogen determined. The pre- 

| 

cipitation follows a course as given in ;0~ 
Fig. 6, where the fractional precipitation 

- - d N  
of protein by ethanol, d (Et~hanol) (N being -~'5 

mg nitrogen/2 ml supernatant;  (Ethanol) 
in volume %), was plotted as a function ~ ~ '° I 
of the volume per cent of ethanol added. ~ 
I t  is seen that  depolymerised myosin was 
resolved into two distinct fractions, i.e. I, 
that  precipitated between 20-35 % ethanol 
and II ,  that  between 4o-7o %. 

For large scale fractionation, ethanol 
was added at 20 ° C with efficient stirring to 
a solution of myosin in concentrated urea 

J 
20 J0 - ~ so ev ~ 

Etkoool (% v/v) 
Fig. 6. F r a c t i o n a t i o n  of u r ea -dena t u r ed  myos in  

4 o - 5 o %  w i t h  e thano l  a t  2o ° C. 

until the ethanol concentration reached 4 ° % by volume. The precipitate was separated 
on the centrifuge, and the supernatant  brought to 70% with further addition of ethanol. 
Both ethanol and urea were removed by dialysis against water in the ice-chest. 

Fraction I after dialysis was a strongly synaeresing gel, the aqueous phase of which 
gave a negative test for protein with trichloroacetic acid or by application of the biuret 
reaction. The 40-70 % fraction was made up of some residual I and the aqueous phase 
contained a water-soluble protein (II). From the fractionation curve it can be estimated 
that  the 40-70% fraction accounted for 18% of the total  protein, and of this, roughly 
one quarter was in the aqueous phase. The water-soluble I I  therefore constituted 4-5 % 
of the original myosin. 

TABLE II 
THE PHOSPHORUS AND NITROGEN CONTENT OF DEPOLYMERISED FRAGMENTS 

OF MYOSIN ON UREA-ETHANOL FRACTIONATION 

Myosin 4o-50% I II 

P (%) 0.05 o.o32 0.023 
N (%) 16.2 16.1 15.6 

Some properties o / the  depolymerised/ragments. The total  N and P of the various 
fractions, freeze-dried and then dried at 12o ° C, were determined and given in Table II .  

On dialysis against water I precipitated as large lumps of sponge-like material from 
which the water could be squeezed out to give a denatured coagulum. I I  presented some 
rather unusual properties. A neutral solution of II, either in water or o.I M KC1, was 
stable to heat. On the acid side of the isoelectric point, which was near 5, the presence 
of salt caused the protein to become permanently insoluble. However, in the absence 
of salt, the fragment was stable to acid. At room temperature,  IO vol of ethanol could 
be added to an aqueous solution of I I  without inducing precipitation. By ammonium 
sulphate fractionation at pH 7 the protein was precipitated at 48-61% saturation. 

I t  is interesting to note that  the solubility characteristics of I I  fonow closely those 
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of urea-denatured actin. But the quanti ty present in myosin (4-5%) seems too great 
to be considered in terms of an actin contaminating the parent myosin. To disprove 
this possibility, actin was treated in urea for over a month under the same conditions 
used for myosin, precipitated with ethanol and dialysed. Compared with II ,  two differ- 
ences stood out: (i) Denatured actin, like untreated actin, showed a UV absorption 
maximum at 262 m/x. This is due to the presence of nucleotide prosthetic groups (STRAUB 
AND FEUER 29, LAKI, BOWEN AND CLARK3°), which remained as an integral part  of actin 
after urea denaturation. Of the eight preparations of 12 tested, only one gave the 262 m/~ 
maximum, the rest a broad maximum near 275 m/x. I t  is likely that  the one exception 
might arise from the presence of free actin or other nucleotide-containing protein 
impurities. (2) On ultrafiltration under pressure, the water soluble I I  passed freely 
through a collodion membrane which retained both native and denatured actin. Indeed 
osmotic pressure measurements to be described in this paper revealed that  the size of 
I I  differs considerably from those of actin (TsAo27). 

Structure o~ I [ .  The electrophoretic diagram of 
I I  in phosphate buffer of pH 6.5 (o.o2 M Na~HP04, 
o.o 4 M NaH2PO 4, o.2 M KC1) is shown in Fig. 7. 
There was some boundary spreading, suggesting a 

i 0, 012 ~i~ 
c 

Fig. 8. Osmotic pressure of subuni t  I I  of myosin at  o ° C. 
Solvent : as in Fig. 7; O X two different preparat ions.  

~Ascending 
Fig. 7, Electrophoretic diagram of sub- 
unit  I I  of myosin. In  0.02 M Na~HPO 4, 
o.o 4 M NaH2POa, 0.2 M KC1, p H  6.5; 
overall voltage 35 V, 12 mA 43/4 hours.  

0.3 

O.2 

0.1 

0', X2 d~ 
C 

Fig. 9. Viscosity of subuni t  I I  
of myosin at  20 ° C. Solvent as 

in Fig. 7. 

polydisperse system, and the main peak constituted over 95% of the total area. The 
deduction of particle dimensions from osmotic pressure of such a system would never- 
theless serve to give an indication of the order of magnitude of the particle sizes. 

Visking cellophan, found to be impermeable to the protein, was employed for 
osmotic pressure determinations. The results are given in Fig. 8 and the viscosity data 
are represented in Fig. 9. The extrapolated value of (P/C)c ~ o, II .8,  indicates an average 
particle weight of I4,ooo; and the value of (~sp/C) . . . .  o.2o, gives, assuming a probable 
hydration of 3o%, an approximate axial ratio of I2. 

Structure o~ I .  Osmotic pressure measurements were carried out in concentrated 
urea solution. ANSON 31 has shown that  urea catalyses the oxidation of - S H  groups, 
and it was thought that  the addition of a reducing agent such as thioglycollate might 
prevent the linking up of particles through -S-S-l inkages.  The composition of the buffer 
was as follows: 6. 7 M urea, o.I M Na2HPO,,  o.o5 M thioglycollic acid, o.I M KC1, 
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pH 7.0. The results are given in Fig. IO. The value (P/C)c = o 
particle weight of 122,ooo ± 6,ooo. 

-,a 0.4 

0.2 

¢ 

Fig. io.  Osmot ic  pressure  of I (see text )  in  
concen t r a t ed  urea  so lu t ion  a t  o ° C. So lven t  
6 . 7 M  urea,  o.I M Na2HPO 4, 0.05 M thio-  
glycoll ic acid, o . i  M KC1, p H  7.0; s t r a i g h t  l ine 

log (P/C) = o . I275C + o.1444. 

2-01 

= 1.39 gives an average 

x-O~-e o 

d2 d* d6 do ~o 
c 

Fig. i i .  Viscos i ty  of I in concen t r a t ed  u rea  a t  
20 ° C. Solvent :  6. 7 M urea,  o.I M NazHPOa,  
o . i  M KC1, p H  7.0. - - O - -  wi th  0.o 5 M thio- 
glycoll ic ac id ;  - -  × - -  w i t h o u t  th ioglycol l ic  acid.  

Viscosity measurements are given in Fig. zI. The viscosity behaviour is the same 
either in the presence or in the absence of thioglycollate, therefore ruling out changes 
involving -SH groups. The respective values of (~sp/C) . . . .  1.24 and I.Z8, indicate, 
assuming 3o% hydration, an approximate axial ratio 4o. 

No X-ray data are yet available on the intramolecular pattern of the fragments, 
nor was there other independent information about the shape factor. 

Fractionation o/ depolymerised myosin with ammonium sulphate 

In the foregoing urea-ethanol fractionation scheme, myosin had been left in concen- 
trated urea solution for I month. When the urea treatment was extended beyond two 
months, the solubility behaviour of myosin underwent further changes, and a steady 
state was not reached until after six months. The electrophoretic pattern of such a 
system consists of two peaks" one large and sharp, the other small and diffused. At 
this stage all the protein components began to precipitate at 65 % ethanol so that the 
ethanol urea fractionation procedure was no longer practical. It  was found that, on 
dialysing away urea, fractionation could successfully be effected with ammonium 
sulphate. This was carried out by adding a saturated ammonium sulphate solution, the 
pH of which had previously been adjusted to 6. 5, to the aqueous solution of depoly- 
merised myosin under constant stirring. The salting out process appeared to be in two 
stages: 20-35 % and 45-65 %. The following fractions were therefore collected: A 0-40 % 
and B 4o-Ioo%. The relative amounts of these fractions for two myosin preparations 
are given in Table III .  

TABLE III 
R E L A T I V E  A B U N D A N C E  O F  D E P O L Y M E R I S E D  F R A G M E N T S  O F  M Y O S I N  

B Y  U R E A  T R E A T M E N T  A N D  A M M O N I U M  S U L P H A T E  F R A C T I O N A T I O N  

A mmonium sulphate Relative amount (%)  
Fraction se2uration Experiment x Experiment 2 

A 0-40  % 93 9 I 
B 4 ° -1oo  % 7 9 

Exp .  1 : k e p t  in urea  for 12 months .  

Re[erences p. ,382. 

Exp.  2 : k e p t  in  u rea  for i6  months .  
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Some properties o/the depolymerised [ragments. The aqueous solution of A is viscous. 
The properties of B are identical with those of II of the urea-ethanol procedure. When 
coupled with I: dimethylaminonaphthalene-5-sulphonyl chloride, A showed an orange- 
yellow fuorescence whereas B gave a greenish-yellow fluorescence. 

Size and shape o / A .  Osmotic pressure measurements were carried out in a borate 
buffer of pH lO. 7 (o.Io 4 M boric acid, o.i N NaOH, o.i M KC1) and the results are 
given in Fig. 12. The value of (P/C)c=o 20 
= I.O 3 gives an average particle weight 
of I65,ooo. The shape of the osmotic 
pressure-concentration curve is inter- 1~ 
esting. At C---- 2.1% the solution be- 
came a gel. I t  is likely that partial ,o 
association begins at a much lower 
concentration and would be reflected 0.~ 
in a negative slope for the P / C -  C 
curve. At lower concentrations this 
effect may be exactly balanced by the 
contribution to a positive slope due to 
such factors as particle asymmetry and 
the unequal distribution of ions across 
the semi-permeable membrane; with 

0 0 

0 0 

c (%) 

Fig. 12. Osmot ic  pressure  of s u b u n i t  A of myos in  
a t  o ° C. So lven t :  O.lO 4 M boric acid, o . i  N NaOH,  

o . i  M KC1, p H  lO. 7. 

the result that the concentration dependence becomes negligible. 
The results of viscosity measurements are given in Fig. 13. The extrapolated value 

of ~lsp/Cc = o -- 0.7 gives, assuming a probable hydration of 3o%, an approximate axial 
/.4 

1.0 

0.6 

0.2 

J 

o~ oi, de d8 ¢ 
Fig. 13 . Viscos i ty  of s u b u n i t  A of 
m ,osin a t  20 ° C. So lven t  as in Fig. 12. 

6 

(a] 

?1  I I I I J 

T/~ x I0-4 
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ratio 30. 
The results of fluorescence-polarisation meas- 

urements in water and in the borate buffer at pH 
lO.7 are given in Fig. 14 and the evaluation of the 
harmonic mean of the principle relaxation times of 
rotation Oh, the molecular volume P and the particle 
size M from the slope S and intercept i /p  o is sum- 
marised in Table IV. The correction factor ~o/0h, 
where 0o is the relaxation time of a sphere of volume 
equal to that of the protein fragments, are taken 
from G. WEBER 22, 24. With axial ratios near 30 the 
factor is practically the same as the limiting value 
of 3/8 for an ellipsoid of infinite elongation. 

In water, A appeared to be of such a large 
size that the evaluation by means of fluorescence- 
polarisation technique proved to be unprofitable. 
In the borate buffer of pH lO.7, there seemed to 
be some dissociation of the protein-fluorescent dye 
complex at higher temperatures, giving rise to the 

Fig. 14. F luorescence-polar i sa t ion  of subun i t  A of myos in  
label led  wi th  1 -d i me t hy l ami nonaph t ha l ene -5 - su l phony l  
chlor ide  (a) in  w a t e r  a t  p H  7; (b) in O.lO 4 M boric acid, 

o . I N  NaOH,  o.I  .~I KC1, p H  io. 7. 
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T A B L E  IV 

A V E R A G E  P A R T I C L E  X V E I G H T  O F  1 ) E P O L Y M E R I S E D  F R A G M E N T S  O F  M Y O S I N  B Y  

F L U O R E S C E N C E - P O L A R I S A T I O N  M E A S U R E M E N T S  

377 

Fraction Condition Slope S . zo  4 I / p  o ~Oh.IOS* a / b * *  Q,,/t~h 0o..~o s V . i o  ~ d * * *  M 

A Water ,  p H  7 .°  4.21 - -  3 ° 0.375 - -  very  large very  larg( 

A Borate,  pH  lO.7, o.166 4.62 37.9 3 ° 0.375 14.2 1.3I / I '35 177'°°°1 
(I.25 164,ooo / cooling 

A Borate,  p H  lO. 7, o.14o 4.02 39.4 3 ° 0.375 14.8 1.36 t 1'35 184 '°°° t  
(1.25 17o,ooo / heat ing 

(I.35 1%4oo t 
B Water ,  p H  7, 2.09 5.32 3.43 12 o.41o 1. 4 o.129 (1.25 i6,oooJ 

(initial slope) 

~3 

12 

* calculated for 25 ° C. 
** from viscosi ty measurements .  

*** assuming dens i ty  of prote in  d = 1.35 (partial  specific volume o.74 ). Uppe r  value calculated 
for anhydrous  particles,  lower value for particles wi th  3 ° ~o hydrat ion.  

o•CUrvature 
of the heating-up curve. The values for 

the particle weight, deduced from the slope and 
the intercept of the cooling curve and the initial 
slope and intercept of the heating curve, are 164,ooo 
and 17o,ooo respectively. As these are number 
averages derived from the harmonic mean 0h, the 
magnitude is directly comparable to that  obtained 
from osmotic pressure measurements, i.e., 165,ooo. 
The agreement seems to be satisfactory. 

Size o/ B. The solubility, viscosity, stability 
and ultrafiltration behaviours of B are identical 
with those of II  of the urea-ethanol procedure, 
and there were no osmotic pressure data on this 
fraction. The fluorescence-polarisation data are 
represented in Fig. 15. The curve shows a definite 
curvature towards the T/~ axis, an indication of 

Fig. 15. Fluorescence-polar isat ion of 
labelled subuni t  B of myosin  in water .  

O polar isat ion on hea t ing  
• polar isat ion on cooling 
× polar isat ion in 2o% sucrose. 

Subunits o/myosin 

polydispersity. The initial slope gives the harmonic 
mean for the relaxation times while the limiting 
slope at higher values of T/~ the arithmetic mean 
(WEBER~2). The average particle weight deduced 
from the harmonic mean for the relaxation times 
is I6,OOO. 

The foregoing qualitative and quantitative results on the depolymerisation of 
myosin, obtained under a wide variety of conditions, are of interest in the elucidation 
of the structure of the subunits of myosin. The seeming confusion can readily be disen- 
tangled if it is accepted that the action of urea is to split off the fragments of small 
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particle weight from the myosin molecule, leaving the skeleton intact in size, though 
more hydrophilic and less asymmetric; while the action of dilute alkali is to depoly- 
merise the skeleton into units on which the small fragments are still firmly attached. 
The first reaction is very slow, whilst the latter appears to be almost instantaneous. 
The reason for this very marked difference is not yet clear. Since botl ~ processes involve 
no cleavage of peptide bonds and since the value for the particle sizes obtained are 
minimal and reproducible, it is highly probable that the 15,ooo and the 165,ooo frag- 
ments are in fact the subuuits of myosin. 

The foregoing results, together with some subsidiary experimental evidence, can 
now be examined in this light. 

The smaller subunits o/myosin. It  has not been possible to obtain the small units 
in any other depolymerising media besides urea (and guanidine). After treatment in 
urea for one or two months, i.e. at the stage where the ethanol procedure is applicable, 
there are some 4% of the small fragments liberated. This amount is increased to 8% 
on further prolonged treatment, when the properties of the remaining framework have 
been so altered that the ammonium sulphate procedure has to be adopted to effect 
fractionation. 

The value of I6,OOO for the size of B derived from fluorescence-polarisation measure- 
ments agrees well with that deduced from osmotic pressure determinations, 14,ooo. 
Viewed in conjunction with the results of end-group assay for I132 which revealed 
approximately one terminal amino residue for 16,ooo g of protein, it is most probable 
that  the small fragments depleted from myosin upon urea treatment consist of particles 
of average weight 16,ooo. The heterogeneity as revealed by electrophoresis and fluores- 
cence-polarisation is further demonstrated ~ by the presence of several kinds of terminal 
residues. Although the physico-chemical interpretation of the results can in no sense 
be exact, nevertheless, from the molecular point of view, it is significant that the particle 
size lies within a rather narrow range around a value markedly different from that of 
the original molecule or of the other depolymerised fragments. The component particles 
are, in addition, characterised by common properties such as the relative stability to heat. 

The larger subunits o/myosin. Fraction A obtained by ammonium sulphate fraction- 
ation of urea-treated myosin consists of elongated particles of average weight 165,ooo. 
I t  is interesting to note that this value is identical with that for myosin 4o-5o%, also 
in borate buffer at pH lO. 7. In this latter case there was no evidence that any small 
molecular weight fragments, like II, were split off from the macromolecule. As B consti- 
tutes about 8 % of the total weight of protein, it can be calculated that for every 165,ooo 
fragment, there is one of 16,ooo which would not sensibly alter the magnitude of the 
size of the former. The agreement between the two series of experiments is therefore 
not fortuitous. Depleted of the small fragments, the skeleton showed I terminal residue 
per 900,000 g of protein and it is therefore possible that the 165,ooo units are cyclic 
(BAILEX-15). 

Other values/or the size o/ the depolymerisect units. The higher values for the average 
particle weight obtained for depolymerised myosin 40-50% in acid, 217,ooo, and in 
guanidine, 294,000, probably indicate incomplete depolymerisation, and the lower value 
for I in urea, 122,ooo, (i.e. myosin 40-50% in which 4% of the small fragments have 
been removed) can be understood partly in terms of the 165,ooo units accompanying 
some of the remaining 4% of 16,ooo units which become dissociated in the course of 
osmotic pressure measurements. 

Re[erences p. 382. 
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Tropomyosin as a subunit o/myosin. The striking similarity between myosin and 
tropomyosin in amino acid composition and physico-chemical characteristics, as well 
as its mode of occurrence at the same histological site and its ability to aggregate into 
fibres have led to the suggestion (BAILEY 33,24) that  tropomyosin may be one of the 
ult imate subunits of which myosin is composed and elaborated. This postulate implies 
two aspects which are amenable to experimental approach, i.e., either tropomyosin may 
be a "building stone" in readiness to form the myosin complex, or it may be a breakdown 
product from such a complex. If  the former view is correct, it might be expected that  
in embryonic muscle, where the elaboration of the myofibril and the component protein 
molecules is at an initial stage, tropomyosin would be in relative abundance. Current 
work of ROBINSON 35 on chick embryo muscle has shown, however, that  there is no 
detectable difference of the relative ratio of myosin and tropomyosin in embryonic and 
adult muscles. With regard to the breakdown concept, BAILEY 34 has shown, on the basis 
of the quanti tat ive aspect of the extraction of tropomyosin from muscle, that  the possible 
effect of salt solutions in the production of tropomyosin is unlikely. 

The following considerations may be of interest in this connection: (i) From the 
foregoing results, it appears that  none of the depolymerised units fall near 53,000, 
the size of tropomyosin. Unlike tropomyosin, whether native or denatured in urea, the 
fragments do not exhibit any tendency to associate in aqueous media. 

(2) When ethanol-ether dried myosin, prepared according to BAILEY 36, was treated 
with the procedure for tropomyosin extraction, a small amount of material  was obtained, 
which, if tentat ively considered to be tropomyosin, amounted to o.1% of the myosin 
taken (BAILEy34). I t  was mentioned in a previous section that  once "crystallised" 
myosin contained about 0.9% tropomyosin. In twice "crystallised" myosin, this was 
found to be absent. When twice "crystallised" myosin, ethanol-ether or butanol-acetone 
dried, was extracted with M KC1, M KI,  and M LiCI at pH 7 or 13, some 2-17% of 
protein went up into solution. There was no evidence that  tropomyosin was present. 

(3) I t  has been possible to isolate and crystallise nucleotropomyosins (TsAo37), first 
demonstrated to he co-existent with tropomyosin in fish muscle by HAMOIR 3s, from 
skeletal as well as smooth and cardiac muscles. The complex isolated from rabbit  
skeletal muscle was found to be stable to the action of strong salt solutions, dilute acid 
and alkali, and organic solvents such as ethanol, ether and acetone. Quantitat ive ex- 
traction suggests that  all the tropomyosin exists in muscle as the nucleo-complex. I t  
may  be that  there is a dynamic aspect of the biological role of tropomyosin quite apart  
from the suggested possibility as the structural "monomer"  of the macromolecular 
myosin. 

Attempts to separate adenosine triphosphatase [rom myosin. The a t tempt  to separate 
ATPase from myosin has so far been unsuccessful (see reviews by ENGELHARDT 39, and 
by NEEDHAM4°). MORTON 41 claimed an apparent  separation of the Ca-activated enzyme 
from myosin into a salt free solution using butanol treatment.  His experiments have 
been repeated and greatly extended (MORTON AND TSAO 42, TSAO43). The results indicated 
that  the native properties of myosin, such as the solubility in 0.5 M KC1, and ATPase 
activity always run parallel. In the presence of butanol, inactivation and denaturation 
occur unless protected with ATP or actin. The residual activity observed in a salt free 
medium after butanol t reatment  can be adequately interpreted as arising from a trace 
of the undenatured myosin which remains in solution. There is no positive indication 
therefore that  a small molecule of ATPase has been detached from myosin. 
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DISCUSSION 

The present investigation on the depolymerisation of a purified preparation of 
myosin under a wide range of conditions, coupled with the end group assay applied by 
Dr. K. BAILEY provides unambiguous evidence for the existence of subunits in myosin. 
By applying ethanol and ammonium sulphate fractionation, it has been possible to 
isolate and characterise two types of subunits: 92% of possibly cyclic fragments of 
average particle weight 165,ooo and axial ratio ~-~ 30 and 8% open chain peptide of 
average particle weight 16,ooo and axial ratio ~-~ 12, containing an average of I terminal 
amino group per chain. These two types of fragments were liberated under different 
conditions, an indication that perhaps more than one kind of secondary bond is involved 
in cementing the subunits together. Accepting the best value, obtained by PORTZEHL, 

SCHRAMM AND WEBER 2 for myosin, 840,000, it appears that there are 4-5 each of the 
subunits per molecule. 

It  is generally believed that urea or guanidine disrupt secondary linkages such as 
the H-bonds between the side chains by competing with the amidinium ions or between 
or along the backbones by competing with the imino groups. If this is so, it is difficult 
to imagine why the depolymerisation of myosin in these reagents is so slow. STANLEY 
AND LAUFFER 44 also reported a large difference in the average particle weight of tobacco 
mosaic virus depolymerised in concentrated urea solution for 5 days (ioo,ooo) as com- 
pared with that for 4 weeks (40,000). I t  is not certain whether the slowness of depoly- 
merisation is restricted to the more complicated macro-molecules such as myosin and 
tobacco mosaic virus; but it seems that in the earlier studies of the subunits or protein 
by fragmentation (see review by NEURATH,  GREENSTEIN,  PUTNAM AND ERICKSON45), 

the importance of the time factor appears not to have been sufficiently stressed. 
The at tempt to separate ATPase from myosin has not been successful. It  remains 

for future work to demonstrate whether it is possible to obtain the 16,ooo units in 
"nat ive" form in order to characterJse unambiguously their chemical and enzymic (if 
any) nature. The possibility also exists that these may be primitive chains in the bio- 
logical elaboration of the macromolecular myosin. 
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S U M M A R Y  

I. Ev idence  is g iven  for the  ex ts tence  of ac t in  and  t r o p o m y o s i n  impur i t i e s  in "crystalline" 
myosin .  

2. The  ex is tence  of s u b u n i t s  in myos i n  ha s  been d e m o n s t r a t e d  by  s t u d y i n g  the  depo lymer i sa t ion  
of purif ied m y o s i n  in concen t ra t ed  urea  and  guan id ine  hydroch lor ide  solut ions,  d i lu te  acid and  alkali.  
Collateral  d a t a  f rom end-g roup  a s say  (BAILEY 15) show t h a t  in all cases  no pep t ide  bonds  are  split  
excep t  in alkali  a t  p H  13. 

3. The  f rac t iona t ion  of s u b u n i t s  of m y o s i n  ha s  been effected in a m e d i u m  of u rea  a n d  e thano l  
or wi th  a m m o n i u m  su l pha t e  a f te r  comple te  depo lymer i sa t ion  in u rea ;  a n d  t he  size and  shape  of 
the  f r a g m e n t s  s tud ied  wi th  osmot ic  pressure ,  v i s c o s i t y  and  f luorescence-polar isa t ion  t echn iques .  
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4. Purified myosin appears to contain two types of subunits :  about 92 % of highly asymmetric 
units of average particle weight 165,ooo which may  be cyclic, and about  8 % of units  of average 
weight 16,ooo and axial ratio ~ 12. 

5. The small fragments could only be detached from the myosin macromolecule by t reatment  
with urea, but  not  by alkali or acid, while max imum depolymerisation of the myosin "skeleton" 
seems to occur at pH 1o. 7. 

6, The depolymerisation of myosin with 6. 7 M urea or 5-7 M guanidine hydrochloride is a very 
slow process. At 2o ° C, pH 6.5, apparent  equilibrium was not reached until  after several months  
t rea tment  in urea. Guanidine hydrochloride appears to be less effective. 

7. There is no evidence as yet  tha t  tropomyosin forms a par t  of the myosin molecule, nor has 
it been possible to separate the adenosine tr iphosphatase activity. 

R~SUM£ 

I. La myosine "cristallis~e" renferme de l 'actine et de la tropomyosine ~ l '6tat d'impuret6s. 
2. La d@polym@risation de la myosine purifi6e, dans des solutions concentr6es d'ur6e et de chlor- 

hydrate  de guanidine, ou dans les acides ou les alcalis dilu6s, montre qu'i l  existe des subunit@s dans 
la myosine. Des d6terminations de bouts de chaines, effeetu6es parall~lement Ace travail  (BAIL1~Y 1~) 
indiquent que dans aucun cas il n 'y  a de rupture de liaisons peptides, sauf dans les alcalis ~ pH 13. 

3. Apr~s d@olym@risation complete dans l'ur6e, les subunit@s de myosine sont  fractionn6es en 
pr@sence d'ur6e et d '6thanol ou de sulfate d 'ammonium.  La taille et la forme des fragments ont 
6t6 @tudi~es par pression osmotique, viscosit6 et fluorescence-polarisation. 

4. La myosine purifi~e contient deux types de subunit6s: 92 % des particules sont fortement  
asym6triques,  de poids moyen 165,ooo et peut-6tre cycliques; 8% ont un poids moyen de 16,ooo 
et un rapport  axial ~ 12. 

5. Les f ragments  de petite taille sont d6tach6s de la macromol6cule de myosine, uniquement  
par t ra i tement  ~, l'ur6e, et non par les alcalis et les acides, alors que la d6polym6risation m a x i m u m  
du "squelet te" de la myosine se produit  ~ pH 13. 

6. La d6polym6risation de la myosine par l'ur6e 6. 7 M ou le chlorhydrate de guanidine 5.7 M 
est tr~s lente. A 20 ° C, et pH 6.5, l'6quilibre apparent  n 'es t  pas at teint  apr~s plusieurs mois de traite- 
ment  par l'ur6e. Le chlorhydrate de guanidine semble moins efficace. 

7. I1 n 'es t  pas encore prouv6 que la tropomyosine fasse patt ie de la mol@cule de myosine. I1 
n 'a  pas ~t@ possible non plus de s6parer l 'activit6 ad6nosine-triphosphatasique. 

ZUSAMMENFASSUNG 

I. Die Existenz yon Aktin und Tropomyosinverunreinigungen in "kristall isiertem" Myosin 
wurde augenscheinlich gemacht.  

2. Die Existenz yon Untereinheiten in Myosin wurde durch die Untersuchung der Depolymeri- 
sierung yon gereinigtem Myosin in konzentrierten Harnstoff- und Guanidin-hydrochloridl6sungen, 
verdiinnter SAure und Alkali gezeigt. Gleichlaufende Daten der Endgruppen-bes t immung (BAILEY ls) 
zeigen, dass in allen FAllen, ausser in Alkali bei pH 13, keine Peptidbindungen gespr.engt werden. 

3. Die Fraktionierung der Untereinheiten des Myosins wurde in Harnstoff und Athanolmedium 
oder mit  Ammoniumsul fa t  nach der vollstXndigen Depolymerisation in Harnstoff bewirkt und die 
Gr6sse und Form der Bruchstficke durch osmotische Druck-, ViskositAts- und Fluoreszenzpolari- 
sat ionsmessungen untersucht .  

4. Gereinigtes Myosin scheint zwei Typen von Untereinheiten zu enthal ten;  ungefAhr 92 ~o yon 
h6chst  asymmetr ischen Einheiten mit  eineln durchschnittl ichen Teilchengewicht yon I65,ooo, die 
cyclisch sein k6nnen, und ungefAhr 8 % yon Einheiten mit  einem Durchschnit tsgewicht yon 16,ooo 
und einem AchsenverhAltnis yon ~ 12. 

5- Die kleinen Bruchstficke konnten nur durch Behandlung mit  Harnstoff vom Myosinmakro- 
molekfil losgel6st werden, aber nicht mit  Alkali oder Si~ure, w~hrend die maximale Depolymerisation 
des Myosin-"Skeletts" scheinbar bei pH lO. 7 stattfindet.  

6. Die Depolymerisation des Myosins mit  6.7 M Harnstoff oder 5.7 M Guanidin-hydrochlorid 
ist ein sehr langsam verlaufender Prozess. Das augenscheinliche Gleichgewicht wurde erst nach einer 
mehrmonat igen Behandlung mit  Harnstoff bei 2o°C und pH 6.5 erreicht. Guanidin-hydrochlorid 
scheint weniger wirksam zu sein. 

7. Bis jetzt  liegt noch kein Beweis vor, dass Tropomyosin einen Teil des Myosinmolekiils bildet, 
noch war es m6glich gewesen, die Adenosintr iphosphataseaktivi t~t  abzutrennen. 
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