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

G R E E N S T E I N  A N D  E D S A L L  

OLLE SNELLMAN Ay~ M ~ T A  T E N O W  

I m ~  ~ P ~ M  ~ ,  U ~  ~ ~ ( ~  

Several ultracentfifugal* ~udies of myoMn solution, prepared by a~proximately 
the same method as that  of GREENSTEIN AND EDSALL 1 have already been made. The 
resul~ seem, however, to be wid~y different. 

Thus SVEDBERG 2 (I930) concluded, from investigations performed with the u~ra- 
centrifuge, that  myosin was among the pro tons  which were found to be heterodisperse 
and un~able.  SCHRAMM AND WEBER ~ r e p o s e d  the presence of two components in t h o r  
prepara t~ns  wffh sedimenta t~n constants s = 6.2 *~ and s = (2o-3~. On the other 
hand ZIFF AND ~OORE 4 could only detect one component in their p repara t~n  with 
s = 9.5 in a 0.57% solution and s = 12.o in a 0.33% solution. 
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Fig.  I .  Sedimentat ion d iagram for the m y o ~ n  of 
EDSALL AND GREENSTEIN (2 h) cone. 0. 3 %. 0. 5 

M KC1. PH 7 .6 

Some years ago we therefore began 
an investigation of myo~n  solution 
which were made by  approximately the 
same method as that  of GREENSTEIN 
AND EDSALL, in order to see which pro- 
tMn componen~ we would be able to 
detect in different cases. At that  t ime 
~ was the best method known for the 
preparation of myo~n  solutions. Some 
time later the work of SZENT-GY6RGYI 5 
became avMlable, in~uding his method 
for preparing cry~allised myo~n.  

We wish to mention here that  de- 
pending on the extraction time BANGA 
AND SZENT-GY6RGYI ~ have found tha t  
two different kinds of myo~n  can be 

prepared. Short extraction time yields the solution of Myo~n A, prolonged extraction 
the very viscous Myosin B. When these kinds of myo~n are dissolved in 0.5 M KC1 the 
visco~ty of Myo~n A shows a small decrease on adding adeno~n tfiphosphate (ATP) 
to the solution. Myo~n B, however, responds to the add i ton  of ATP with a great 
dec5ne of the viscosity. 

We know now ~nce the investigations of SZENT-GY~RGY# and h~  collaborators, 
that  there are two different kinds of protons ,  acfin and crystall~ed myosin. Actin can 

* W e  shall not  d~cuss  the theory  and ~ c h ~ q u e  of u l ~ a c e n ~ i f u g a t ~ n .  For these m ~ t t ~  
consu~  SVEDBERG AND PEDERSEN, The Ultracentrifuge, O x ~ r d  Unive~ i ty  P r e ~  (194o). 

** The ~ d i m e n t a f i o n  c o n ~ a n ~  are g ~ e n  in Svedberg un~s  (Io-la). 

Refemnc~ p. 388. 
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appear in two different forms: unpMymer~ed (so-ca~ed G-actin) and polymefised to 
long fibrils (so-called F-actin). Myo~n and actin together can build up a comple~ 
actomyo~n.  G-actomyosin (with G-actin) has low viscosffy and F-ac tomyo~n (with 
F-actin) has high v~cosity. The lat ter  seems to be the best known of the two acto- 
myo~n~  They can be dissoc~ted by ATP under ce~ain conditions. 

EXPERIMENTAL 

In our investigations we used the check-tousle  of the cow. lO-15 min after the 
death of the cow the muscM was frozen in dry ~e. I t  was then minced in frozen state. 

The mus~e  was extracted with 6 parts  of I M KC1 buffered with the same buffer 
solution wich was used throughout the prepara t~n.  We used extraction times of 20 
min, 2 h and 24 h. The extract  was allowed to stand at - IO ° C for three hour~ There 
upon ff was mMted and vigorously ~ r e d  and filtered through a filtermesh. The sMution 
was d~uted with w ~ e r  of o°C until the vMume had increased 2o-fold. The myo~n  
precipitated and the excess fluid was poured off and the rest centrifuged. The pre~pffate 
was dissolved in a littM I M KCI solut~n and was dialysed ag~ns t  0.5 M KC1. The 
preparation was made at o ° C. In some cases the myosin was precipitated once, in others 
three times. There was no difference between the two sampMs in the ultracentrifuge. 
The concentration of the myosin was determined by KJELDAHL analy~s. 

At first we made an invest igat~n of myo~n extracted du~ng two h o u r .  The solu- 
tions were buffered with S6RENSE~ phosphate buffer ~.o7 n). 

Wffh these s~ufions we obtained sedimentation diagrams which generally showed 
two main components. The shapes of the curves showed that  they might contain several 
components. Sometimes we obtained diagrams wi~h only one component, but  these 
diagrams showed irregulafit~s and the sedimenta t~n constants were often between 
those expected for flae two main componen t .  We therefore have reason to befieve that  
these solutions cont~ned both of our main components but in such a relation that  ff 
was not p ~ e  to separate them. 

The ~ m e n t ~ n  constants 
s~o of our two main componen~ were 

so = 7.2 and so = I2, ex~apola ted  ~2 
to the concentration zero. The con- 
centration d e p e n d ~ e  of the con- 
stants was not so ~rge  ~ee Fig. 2). ~o 
The value ~ = 7.2 co~esponds to 
that  w ~ c h  we ~ u n d  later for SgENT- 
GY6RG¥I 's~ystal l i~dmyosin.  T h e ~  ~ 
two componen~ always appear be- 
tween PH 5.7--9.3 or in the range in 

6 
wh~h we have m e ~ u ~ d .  

The component with ~ d i m e n ~ -  
tion constant 7.2 was bet ter  defined 
than t h ~ w i t h  ~ = I 2 . A s w e ~ t h e ~ e  
two componen~ we often had some 
mate~al  with m o ~  rapid sedimenta- 
tion,which was probably actomyosin. 
Refemm~ pY3~. 
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Fig. 2. VaCat ion of s20 ~ r  the two componcn~  of the 
myosin  of EDSALL AND GREENSTEIN wth  the concen- 

t ra t ion  of the sMufion 
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Fig. 3- Sedimenta t~n diagram ~ r  a myosin of EDSALL 
AND GREENSTEIN ~4 h). ThNce prcMpita~d with 0. 5 

M KC1. PH 7.6 

At Pn 5.7 the myo~n is not very 
soluble and the pa~ wh~h goes into 
solution has a Mwer sedimentation 
constant. 

We Mso made some experiments 
wffh an extraction time of 20 rain, 
and there we obtMned much of a 
very polydisperse material, but the 
myosin component was still pre- 
dominant. 

An invesfigat~n was also made 
with myo~n extracted during 24 
hours. This myosin corresponds to 
SZ~NT-GY6RG~I~ Myosin B. We have 
made the preparat~ns u~ng phos- 
phate and glycine buffer. 

Phospa~ buff~s (0.07 n) were used between p~ 6.2 and 8.2. In aH s~utions the 
component % : 7.2 was viable. The component s o = 12 was not or only very slightly 
detectable. 

In all solut~ns one more rapid component with % = 5 ° appeared, greatly depending 
upon the concentration. The component had the same sedimentat~n constant at differ 
ent speeds of the ultracentrifuge, so it did not seem 

warn Syo~nSt, udiet  d O  haVmeadaena dct°my°~a nn~roilmeHy-~kse eemsP toUfifiei d n  thc eontaiP nr°pe~Sa 'ctUlin~aCentfifUgem 'oraen~ifc~ystallih s e d a V j  eelly_likW e hicla hter ~2So2°1i ~ 

component than of this component. The Pn range 
for the stability of the actomyosin seemed to be 
6-7.8. Above that there was still actomyosin but zoo 
then ff was partly decomposed and less deafly 
defined. ~0 

As wM1 as these componen~ we often observed 
componen~ with lower sedimentation constants 
~ = 2-5). These components had the same sedi- 60 
mentation constants as we found later for the in- 
active material in actin. We have not ~udied th~ 
component more closely. ~o 

Glydne ~u//ers ~.o8 n). In preparat~ns wffh 
these buffer solutions (pu 8.8-9. ~ we often had 
several components. Those which we call the myo~n 2o - 
componen~ could be split into three different com- 
ponents with the sedimentation constants 7.2, 12 
and 15. 

The actomyo~n component also was not always 
the same as in phosphate buffer. Here we pa~ly 
had the usual component with s : 50, pa~ly a 
component which sedimented very rapidly and wffh 

~ ~ ~-----~---~0 C 

Fig. 4. Variation of s~0 for the heavier 
components of the myosin of EDSALL 
AND GREENSTEIN ~4 h) w~h the con- 

cen t ra t~n  of the solut~n 

References p. 388. 
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a much stronger dependence upon 
the concentration. In ~ y d n e  buffer 
the a~omyo~n  was more re~stant 
to PH change.  I t  w ~  o~y d~om-  
posed at PH 9 and then disappe~ed. 
When adenofin t r i p h ~ p h ~ e  was 
added to ~ t i o n s  of adomyo~n ,  
t ~ s  component d i ~ e d .  

Our experiments did n ~  ex~Mt  
any better ~produdbi] i ty.  Espe6ally 
the different componen~ with the ~ -  
~ r m e d i ~ e  ~dimentafion constan~ 
shcwa ~ M n  ~ M r : n g  ~ the way 
they appea l  I t  may p ~ t ~  depend 
upon the ~a te  of t ~  mu~M from 
w~ch  the preparation was made and 
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Fig. 5. S e ~ m e n ~ t ~ n  d ~ g r a m  ~ r  the m y o ~ n  of 
EDSALL AND GREENSTEIN t rea ted  w ~ h  ATP 0. 5 M KC1 

partly on small differences in the technique of preparation. In glydne buffers we also 
get more compficated phenomena than in the other buffers which we have tried. 

DISCUSSION 

We know now f o m  other investigations which we wish to report later that  the 
component which has the smallest sedimentation constant bMongs to the inactive 
material in actin and that the set of components with s = 7.2 bdongs with ce~ainly 
to crystallised myo~n or to G-actomyo~n. The component with the larger sedimentation 
constant b~ongs to F-actomyo~n. I t  is interesting to notice that  we never obtained 
any sedimentation constants ~tuated between the lower and the higher one. I t  has been 
supposed that  F-actomyo~n is not a definite complex of actin and myo~n but  a con- 
t nous  aggregation between F-acfin and myo~n up to an optimal ratio, but  in such a 
case one would not have expected such a well-defined component. Fu~hermore,  ff 
actomyo~n ~ extracted in such a way that  a continuous panicle distribution ~ obtained, 
such a weU-defined component cannot, f o r e  a statistical point of view, be expecte& It 
seems that  actomyosin dissolves into pieces which are scattered around a certain max5 
mum. We may expect F-actomyo~n to be buiK up in a definite manner out of acfin 
and myo~n. We shall later give further evidence for this a~umption.  

We cannot draw any condu~ons concerning the monodispersity of our different 
component .  Other experiments must d e , d e  this question. SCHRAMM AND WEBER d ~ m  
that  t h o r  solutions were monodisperse, but it ~ not pos~ble to draw that conclu~on 
f o m  theK measurements. 

That  our sedimentation constants differ from those of previous investigators 
depends partly upon the fact that  we have ~udied the concentration dependence of the 
sedimentation con~ants  and paAly upon the fact that the resolving power of the optical 
sy~em (LAMM~ scale method) wh~h we have used was better. 

In the case of ZI~F AND MOORE, who only found one component (probably acto- 
myo~n) in the ultracentrifuge, t h i r  Mectrophore~s patterns show two components. 
I t  seems pos~ble that  the smaller component which they detected after prolonged 
~ectrophore~s was the myo~n component which had escaped t h i r  observation in 
Refe~nc~ p. 388. 
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t h e  u l ~ a c e n ~ f f u g e .  I n  o u r  inve~ations t h e  m y o A n  c o m p o n e n t  M w a y s  a p p e a r e d  

t o g e t h e r  w i t h  t h e  a ~ o m y o A n  c o m p o n e n t .  

T h e  g r e a t  d i f f e rence  b e t w e e n  o u r  i n v e s t i g a t i o n s  a n d  o t h e r s  ~ t h a t  w h a t  one  m a y  

t h ~ k  c o ~ e s p o n d s  to  m y o s i n  ~ n d  p e r h a p s  e v e n  to  G - a d o m y o A n )  ~ c o m p o s e d  of m o r e  

t h a n  one  c o m p o n e n t ,  F u ~ h e r  i n v e s t ~ a t A n s  a re  n e e d e d  to  s e t t l e  t h e  q u e s t i o n  of t h e  

n a t u r e  of  t h e s e  c o m p o n e n t .  

W e  w i s h  to  e x p r e s s  o u r  b e s t  t h a n k s  to  p r o c t o r  THE SVEDBERG for  e n a b l i n g  u s  

t o  c a r r y  o u t  t ~ s  work .  T h e  i n v e ~ a t i o n  h a s  b e e n  s u p p o r t e d  f i n a n d a H y  b y  t h e  R o c k ~  

fe l le r  F o u n d a t ~ n .  

SUMMARY 

An u~racentf i fngM anMysis of the myoAn s~ut ion  of GREENSTEIN AND EDSALL shows t ha t  
several componen~ can a p p e a l  Some of these can pos~bly be a t t r ibu ted  to actin, myo~n  and 
F-actomyoAm The nature  of some componen~ with i n~ rmed ia t e  s ed imen ta t~n  constants ~ not  
yet settled. Glydne buffe~ seem to ~ t e r  the sMufions in a definite manner  so tha t  severM componen~ 
appear. F~c tomyos in  was always depoAted w~h a ra ther  high sedimentat ion constant  so i t  seems 
t ha t  nat ive F~c tomyos in  must  Mways ~e composed in a definite manne~. 

RASUMA 

L~nslyse  par  uRracentfifugation de la solution de myo~ne de GREENSTEIN ET EDSALL montre 
que pluAeurs consfituants peuvent  se former. Les uns correspondent probabMment  ~ l~cfine, la 
myoAne et la F-actomyoAne. La nature  des autre~ dont  la constante de s6dimentation est inter- 
m 6 d i a ~  n%st pas encore d6finie. Les tampons A base de glycocolle modifient les solutions d'une 
mani~re teHe que pluAeurs const i tuants  appara~senL La F-actomyosine se s~dimente avec une 
constante re la t ivement  ~ev6e, ce qui montre  que la F-actomyoAne natureHe doit toujours 8tre 
constitu6e dMne fagon homog~ne. 

ZUSAMMENFASSUNG 

Eine UltrazentAfugahnalyse der MyosinlSsung von GREENSTEIN UND EDSALL z e a l  d a ~  ver- 
sch~dene IKomponenten anf t re ten  kSnnen. Einige dieser Komponenten k6nnen m6glicherweise dem 
Ak t i~  Myosin und F-Al~tomyosin zugesch~eben werden. Die Ar t  mancher  Komponenten mA inter- 
medi~ren Sedimenta t ionskons tan~n ~ t  noch nicht  ~ c h e r g e ~ .  Glykokollpuffer sch~nen d ~  
L6sung auf eine best immte W e r e  zu verXndern, so dass mehrere Komponenten ersch~nen.  F-Akto- 
myosin setzte Mch immer mM einer Acml~h  hohen Sedimenta t~nskons tante  ab. Natives F-Akto- 
mycsin i ~  ~so, wie es sch~n~ immer auf eine bes~mmte  Ar t  zusammengesetzL 
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