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S ( : M S I A R Y  

The digest ion of myosin  b y  t ryps in  or chymot ryps in  was found to  3deld u l t raeent r i -  
fugally homogeneous L(ight).-meromyosin. The H(eavy) -meromyos in ,  however,  has 
a trailing shoulder in the u | t racentr i fuge.  The inhomogene i ty  observed is var iable  
and due to over-digestion by  t rypsin,  and:or  to aggregat ion of the  H-meromyos in .  
Bora te  and barbi ta l  buff:.'rs increase the  inhomogenei ty  while phospha te  appa ren t ly  
prevents  it to some extent .  In high concentra t ions  of phospha te  buffer it is possible 
to obta in  digests in which both  sub-uni ts  are homogeneous.  

Measuremevts  of the  relat ive areas of the  sed imenta t ion  pa t t e rns  and the 
appl icat ion of the radial dilution and JOHNSToN-OGSTON correct ions reveal  tha t ,  
exclusive of dialyzable fragments,  the digests consist of 25 % L-meromyos in  and 75 % 
H-meromyos in  b y  weight. 

Determinat ion  of the meromyosin  molecular  weights  b y  the  ARGHIBAI.D m e t h o d  
gave values of 324,oon _+_ 2o,ooo and Ia6,ooo :k 2,ooo for the heavy  and  light f ragment  
respect ively .  

These composi t ion  and molecular  weight data ,  and the recent ly  measured  mole- 
cular weight of myosin lead to the  conclusion tha t  myosin is made  up  of only one 
molecule of each meromyosin.  "l'hi~ L H  s t ruc ture  for myosin  is also in agreement  
with a va r i e ty  of other  data,  including amino acid analyses and optical rotat ion.  

I N T R O D U C T I O N  

Previous invest igat ions of the  t ryp t ie  or c h y m o t r y p t i c  digestion of the nmscle protein 
myosin have revealed tha t  the molecule can be split into two components :  L(ight)- 
meromyosin and H(eav3")-meromyosint-L From sedimentat i0n-diffusion measure-  
mcnts  molccuiar  weights  of 232,0oo m~d 96,ooo were ,assigned to the  H-  and L- 
f ragments  respect ively 6. Area measurements  on the  sed imenta t ion  pa t t e rns  of the  
myosin  digest  showed 43°0 L- and 57% H - m e r o m y  osin6. These figures are consis tent  
with a model  of two L- and one H 4 r a g m e n t  pcr myosin molecule (molecular weight  
--- 5oo,o0o). 

However ,  recent s tudies of sedimentat ion,  diffusion, and l ight-scat ter ing have  
cast doub t  on these older  figures ~-9. Since a reconstruct ion of the parent  molecule 
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depends so s t rongly on the molecular weights chosen for the sub-units,  we felt i t  
impor t an t  to measure these by  a method free from the difficulties inherent  in light- 
scat ter ing and  sedimentat ion-diffusion measurements .  We therefore chose the  
ARCmBALD methodm, n.  This procedure has been s tandardized with  known, relat ively 
small  protein molecules, and in such cases has been very successful ra. "[he me thod  
has also been applied to myosin*a, ~4. 

Fur thermore ,  the  recent clarification tr*~lv of the corrections needed to cortvert 
areas measured from sedimenta t ion  pat terns  into percentage composition makes 
feasible a more precise calculation of the relative proportions of L- and H-meromyosin  
in the myosin  digest than  was possible in the earlier work. 

This percentage composit ion i.~ also needed if a correct assignment of the number  
of sub-unit  molecules in the intact  myosin is to he made. We therefore redetermivod 
these values, making the corrections now known to be necessary. 

In addi t ion,  prel iminary work s had convinced us t ha t  the digestion prec.-dare 
itself required fur ther  s tudy.  This prompted  us to investigate the effect of varicu.~ 
condit ions o[ digestion on the homogenei ty  of the fragments  obtained.  

| 'L~ P ] :  R | M I," X T . \  L 

Materials 

Myosin was prepared from rabbit  muscle according to the procedure of Gzl-:xr- 
G Y ( ~ R G Y I  TM and Moxtxt.u:.wr.~ t" with slight nuMifications, as previously described~,"% 
Great  care was t aken  to keep the protein m,tireiy in the cold (3-4 °) dur ing its prep- 
a ra t ion  and  storage. E x p e r i m e n t s  on myosin were performed within 6o h after  the 
rabbi t ' s  death.  The homogene i ty  of the preparat ion was judged at  low tempera tu re  
in the ul t racentr i fuge which showed a single, shoulder-free peaka, on. This test is far 
from adequa te  since slight polydispersi ty in sh~tpe or weight (apart from easily 
de tec ted  dimer formation) would not be detected ia this manner .  However,  more 
sertsitive cri teria are no t  yet  available. 

For the digestion of myosin we used sa!t-frcd, twice crystall ized t rypsin  (Worth-  
ington Biochemical  Corp.) which was dissolved in o.ooa5 M HCI and s tandardized 
at  25 ~ by adding o.i  mt of o.o5"~, t rypsin  solution to 25 ml of o.ooo25 M benzoyl-t.- 
arginine e thy l  ester.  HCl, pH 8.o. The hydrolysis  of the substra te  was followed in a 
Beckman  Model DU spec t rophotomcter  at  253 ml£ -'t. In  this manner  an  ac t iv i ty  of 
x~-oo t ryps in  units /rag was obtained where one t ryps in  uni t  is defined as tha t  ac t iv i ty  
causing a ra te  of change of optical dens i ty  of o.ooI./min. 

To stop the  e~zymic ac t iv i ty  immediate ly ,  when needed, wc used Soybean 
t ryps in  inhibitor ,  five times crystall ized h'om ethanol  (Worthington}. 

Ribonuclease, crystall ized from e thanol  (Worthington),  was employed as a 
s t andard  for molecular weight determinat ion by the ARCHm.\I.D method.  Before use 
it was dissolved and  dialyzed vs. 0.o3 M pho.~phatc bttffer, pH 7, ionic ~trength o. i .  

Preparation el the meromyosins 

We ini t ial ly prepttred the meromyosins  by following essential ly the digestion 
proee,!ure out l ined by  SZENT-GrY{iRt;YI*. Borate  buffer (o.t ;~I bora te-NaOH;  pH 8.8) 
;"as added  to a ~-% stock solution of myosin (in 0.6 ~11 KCI) in a i to IO ratio by 
volume. 0.05 % t rypsin  w~s stirred into the solution for Io min at  z5.o ~ _k o.I °, a t  
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which t ime the reaction was s topped with o. 1% soybean trypsin inhibitor.  All reagents 
were prewarmed to 25 ° before mixing. The final concentrat ions of t rypsin and t rypsin 
inhibitor were o .oo41% and o.oo77 2/0, respectively. S~tbg_~quently the procedure was 
carried out  in buffer media  different from t h a t  described above. These exper iments  
are discussed below. 

Purified L-meromyosin  was obtalrted by  dialyzing the digest against  IO × its 
volume of o.oo67 M neutra l  phosphate  buffer ~. The precipi tate  of L-meromyosin  was  
collected by centr i fugat ion,  dissolved in a min imum volume of pH 7, o.o27 3/I K2HPO 4, 
O.Ol 9 M KH2PO, ,  o. 5 M KCI solution, and reprecipi tated in the same manner .  This  
re-precipitation was repeated.  I t  '-'s impor t an t  here to keep the ionic s t rength  above 
0.05 M to prevent  co-precipitat ion of H-meromyosin.  

Two samples of purified H-meromyos in  were graciously supplied b y  Dr. 
J. GERGELY, one obta ined  from a t ryps in  digest, the other from a c h y m o t r y p s i n  digest.  

Sedimentat io~ 

x. Arag measureme~,ts and aorreations /or the J OHNSTON-OGSTON effect 
Scl-dieren sed imenta t ion  pa t te rns  were obtabxed in the  Splnco Model E ul t ra-  

centrifuge. In  determining the relat ive concentra t ions  of two protein components  
from the areas on the  schlieren photograph ,  i t  is necessary to make two corrections:  
the first of these takes into account  the  familiar  radial  di lut ion effect, which arises 
because of the sector shape of the  cell; and  the second arises from the  "bui ld  up"  of 
the slower component  t h a t  occurs in the  region of the  cell where it is sediment ing 
into  solution containing the  faster componentl'~-xL The result  of this  la t te r  effect is 
tha t  the concent ra t ion  of the  slower component ,  as obta ined  from uncorrected area 
measurements ,  is too high, while the  concent ra t ion  of faster  comPonent  is too low. 
The real i ty  of this  effect has been conclusively demons t ra t ed  exper imenta l ly  t6" A 
theoret ical  examina t ion  of the  phenomenon by  JOHNSTON AND OGSTO,~ In led to the  
correct ion formula:  

C* t'b8 $1 ---  S~. mixt. (1) 

Here C, obs is the uncorrected concent ra t ion  of the slower component  ac tua l ly  ob ta ined  
frnm the area measurement  ; Cs ~ is the ac tual  concentrat ion of the slower component ;  
Sf(Ss) refers to the  sed imenta t ion  coefficient of the faster  (Mower) componen t ;  and  
Ss, raixt, is the  sed imenta t ion  coefficient of the  slower componen t  into the  mix tu re  
conta ining the  faster  one. Since no b o u n d a r y  results from the  movement  of the slower 
component  into the  faster,  S,.  mtxt. cannot  be de te rmined  from the schlieren pa t te rn .  
Various approximat ions  have boon used to  estima~e this quan t i ty .  One possibi l i ty  
is to obta in  S~. mlxt. f rom the  sed imenta t ion  of the slow component  alone a t  the  
concent ra t ion  of the  mixture .  This is sufficiently accurate  only  if the components  of 
the mix tu re  have similar dependence of 5: on concentra t ion.  In  the  case of the  mero-  
myosins  this condit ion is not  fulfilled; the sed imenta t ion  rate  of H-meromyos in  being 
much  more s t rongly  concent ra t ion  dependent  than  t h a t  of L-meromyosin .  

Since the JOHNStoN-OGsToN effect is large whenever the faster  component  has 
a high intrinsic viscosity, the  suggestion has been made  t h a t  the  increase in viscosi ty 
caused b y  the  presence of the a symmet r i c  molecule is the  major  fac tor  causing the  
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buildup of slow component% Therefore an al ternat ive approximat ion t h a t  has been 
found  useful is: 

" S s , r a t x t  = -~s'tttYrel ~ (2) 

where ~-frel is the relative viscosity of the solution of the faster component .  
A more detai led correction formula,  taking into account both radial  di lut ion 

a n d  JOaNSTON O~;STON corrections, has been derived by TRAU'r,~IaN et (zl, 17. They  
find the approximate  relations:  

and  
L\ x ~ /  L\ x , , ]  

in which jyobs indicates the "equiva len t  boundary  position which would result if the 
mater ia l  were arranged to give infinitely sharp boundar ies" ;  X 0 is the position of the 
meniscus;  ( r-I) ,  as is evident  from eq. (4), is the "bu i ldup"  of the slow component ;  
a n d  a has been shown empirically 17 to be given to a close approximat ion  by ESsl/ESr] 
where ES] represents the infinite dilution sedimenta t ion cons tant  of the given com- 
ponent .  All of the  necessary quant i t ies  in equations (3) and  (4) m a y  be evalua ted  
irom the schi,~reu diagrams and  a calculation of the corrected concentra t ions  is 
possible. 

In  the  present instance the measurements  were performed in the following way. 
Myosin was digested as described above (see also below). The digest was run  in the 
ana ly t ica l  u l t racentr i fuge at  2~ °. 59,78o rev. min and  a bar  angle of 5o ~ (Fig. z). 
Pho tographs  were takeu at  16 min intervals. The plates were enlarged 8 :< and  the  
areas measured with  a planimeter.  Areas from the upper and  lower outlines were 
averaged.  Measurements  of the  bounda ry  positions were made directly on the plates 
using a micro comparator .  No a t t e m p t  was made to calculate the "equivalent  
b o u n d a r y  pos i t ion" ;  the  position of the m a x i m u m  ordinate  was taken instead. The 

°'°f 0,.35 
L ~[Sao.w] = ~,O 

Fig.  t. T ryps in  digest  of 0 ,86% myos in  
in 0. 5 M KCI, 0.03 ~'/ phosphate ,  pH 
6.7. Diges t ion  t i m e :  In rain. Ul t racen-  
t r i fuge  p i c tu re  a t  59,780 r ev . /min ;  2o°;  
ba r  angle of 5o~; 9o rain a f te r  a t t a in ing  

full  speed. 
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Fig. z. Reciprocal  sedimenta t ion  cons tant  of fast  
and  slo.w peaks in rnTosin digest as a funct ion con- 
centr~,tion. Upper  set  of points  for slow peak p lo t t ed  
agains t  uncorrected concent ra t ion  of slow com- 
ponent .  Lower  set  of points  for fast  peak p lo t ted  

agains t  concent ra t ion  of to ta l  proteir. ,  

D L- M~romyosin 
H- lVlercmyosin 

= 5.o/-r.2_= r0.416 
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e r ro r  i n t r o d u c e d  in neg lec t ing  th i s  r e f i n e m e n t  is e n t i r e l y  negl igible  as  j u d g e d  b y  
m ore  a c c u r a t e  ca l cu la t ions  in one  case. T h e  q u a n t i t y  ~r = [Ss][~Sy] was  o b t a i n e d  
b y  p l o t t i n g  x / S s  vs .  c o n c e n t r a t i o n  of  t o t a l  p r o t e i n  an d  x / S s  vs .  t h e  u n c o r r e c t e d  
c o n c e n t r a t i o n  of  s tow c o m p o n e n t  (Fig. z)tL Tile v a l u e  of r was  t h u s  o b t a i n e d  f rom 
eq. (3) a n d  the  c o r r e c t e d  c o n c e n t r a t i o n ,  C°s ,  f r o m  eq. (4). 

2. ARCItlBALIJ d e t e r m i n a t i o n  o / m o l e c u l a r  w e i g h t s  

The  a p p r o a c h  to  s e d i m e n t a t i o n  e q u i l i b r i u m  was  o b s e r v e d  in t h e  Sp inco  Model  E 
u l t r a c e n t r i f u g e  e q u i p p e d  wi th  a s low speed  a t t a c h m e n t  ( I /3  r e d u c t i o n ! ,  u sed  in r u n s  
be low x2,59 o r ev . /min .  I t  is i m p o r t a n t  t o  r u n  a t  suf f ic ien t ly  low speeds  to  a v o i d  a n y  
sepa ra t ion  of the  b o u n d a r y  f rom the  meniscus .  W e  fo l lowed the  p r o c e d u r e  of  KLAIXER 
.~X~ KI~c,t;.LvS n ,  m a k i n g  m e a s u r e m e n t s  a t  sho r t  e n o u g h  t imes  of c e n t r i f u g a t i o u  to  
avo id  a n y  r ed i s t r i bu t ion  of so lu te  and  so o b t a i n  t h e  w e i g h t - a v e r a g e  m o l e c u l a r  w e ig h t  
of the  original  .~ample. Speeds  of  I~,SOo r e v . / m i n  an d  8 , 2 t o  r e v . ' m i n  were  used  for  
L-  and  H - m e r o m y o s i n  r e spec t ive ly .  R u n s  on L - m e r o m y o s i n  l a s t ed  less t h a n  t h r ee  
hours ,  u sua l ly  t .5  to 2 h. H - m e r o m y o s i n  was  n e v e r  r u n  o v e r  a b o u t  a n  h o u r .  

T h e  t en~pe ra tu re  of  t he  r o t o r  was  r e g u l a t e d  a t  2 i  ° b y  t h e  t e m p e r a t u r e  c o n t r o l  
un i t  which  e m p l o y s  a t h e r m i s t o r  in the  base  of t h e  ro to r .  

T h e  schl ieren  op t i ca l  s y s t e m  was  used  w i t h  a p h ase  p l a t e  as t h e  d i a p h r a g m .  
T h r o u g h o u t  th i s  work ,  t he  d i a p h r a g m  was  m a i n t a i n e d  a t  8o° ;  th i s  keeps  t h e  c u r v e  
ou t l ines  s h a r p  a n d  min imizes  t he  u n c e r t a i n t y  of  the  c u r v e  pos i t ion  a t  t h e  men i scus .  
R u n s  were  m a d e  wi th  i z - m m  cells u s ing  a 4 ° sec to r ,  I ( e I -F  cen t e rp i ece .  T o  f ac i l i t a t e  
s t u d y i n g  the m o l e c u l a r  weight  a t  t he  ce!l b o t t o m ,  o . I  ml  of  D e w - C o m i n g  No.  5 5 5  

si l icone fluid was  first  i n t r o d u c e d  in to  the  cell  a n d  t h e  p r o t e i n  so lu t i o n  t h e n  a d d e d .  
Th is  oil is suf f ic ien t ly  dense ,  immisc ib le  wi th  w a t e r  a n d  ine r t  t o w a r d  p r o t e i n s  z2" 
Neve r the l e s s  the  e x t r a p o l a t i o n  was e x t r e m e l y  diff icul t  a n d  m e a s u r e m e n t s  n e a r  t i le  
cell b o t t o m  were  on ly  used  in a few cases on  L - m e r o m y o s i n ,  a n d  no t  a t  all on H -  
m e r o m y o s i n .  T h e  c o n c e n t r a t i o n  of t he  or ig inal  sample  was  d e t e r m i n e d  in a r b i t r a r y  
un i t s  in a KLAINER-KF(;F~I.F.S t y p e  s y n t h e t i c  b o u n d a r y  col in ,  2a. Th i s  is a modi f i ed  
2 ° cell, w i t h  2 side holes  each  t ak ing  a v o l u m e  of  0.o7 ml of  ~olvcnt ,  t he  c e n t e r  o f  
the  cell be ing  filled to  a p p r o x i m a t e l y  o.16 ml  wi th  so lu t ion .  

P h o t o g r a p h s  were  m a d e  on K o d a k  Me ta l l og raph ic  p la tes  which  h a v e  long  ex-  
posu re  t ime  (--.- 15 sec) b u t  art, of  high re so lu t ion  an d  c o n t r a s t .  A full  su r f aced ,  swing-  
ou t  v iewing  m i r r o r  is n e e d e d  for suff ic ient  l ight.  M e a s u r e m e n t s  of  t h e  photographi .~.  
p l a t e s  were  m a d e  wi th  a two-coordinat,_,  G a e r t n e r  m i c r o c o m p a r a t o r  de: ; igned to  
r ead  w i t h  an  a c c u r a c y  of I f t'22. 

T h e  c o n c e n t r a t i o n  of the  p ro te in  at  the mvniscu~ was  calculatt~d f rom t h e  
m e a s t l r e m e n t s  u.~ing the  oqua t ion  ~ : 

i1 X 
O , l ~ /  

c,,, = ~: o - -  T ~ % ,  ,, _~_ x : , ,  z , ,  ~5) 

where  C o is the  or ig ina l  c o n c e n t r a t i o n  ( d e t e r m i n e d  in tile s y n t h e t i c  b o u n d a r y  cel l) ;  
o . I  cm is t he  c o m p a r a t o r  i n t e rva l  a long t h e  X ax i s ;  F is t h e  e n l a r g e m e n t  f a c t o r ;  
Zn the  o r d i n a t e  ( p ropo r t i ona l  to  c o n c e n t r a t i o n  g r a d i e n t ,  dc/dx)  ; a n d  nz the  n u m b e r  
of  c o m p a r a t o r  i n t e rva l s  n e e d e d  to  b r i ng  the  o r d i n a t e  to  zero  (Fig. 3). T h e  so lv en t  
co r r ec t i on  was  c h e c k e d  and  f o u n d  to  be negl igible .  
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( a )  ( b )  ( e l  ( a )  

Fig. 3. ARCltI~.~LD run on tI-merorrtyosin isolated from a three minute trypsin digest. Protein 
cr,ncentration is o .3zo% in o.o3 M phosphate, pH 7- Speed was 82:o rev./min: bar angle: 80"; 
temperature:  zo e. Times after fult speed -'tre: (a) ~-~ rain. (b) 33 rain and (c) 65 rain. Photograph 

(d) is ~ synthetic b o u n d a r y  r u n  ftw the same ~,~lution and conditions. 

T h e  w e i g h t  a v e r a g e  m o l e c u l a r  w e i g h t  was  t h e n  d e t e r m i n e d  f r o m  the  r e l a t i o n ' " :  

1~ T ( dc idx) ~,, 
i i - -  ~r2)o; '  X m  C , .  

w i t h  m t h e  a n g u l a r  ve loc i ty .  W e  d id  no t  d e t e r m i n e  the  p a r t i a l  specif ic  v o l u m e s ,  
~, for  t h e  m e r o m y o s i n s ,  b u t  u sed  t h e  v a l u e  for m y o s i n :  o . 7 2 , q m l / g  "4. 

T o  c h e c k  t h e  AR(;itlI~ALI~ determiL~at ions  a r t m  was  m a d e  on  r ibonuc lease .  Thi~ 
p r o t e i n  h a s  b e e n  f o u n d  to  h a v e  a m o l e c u l a r  we igh t  in t he  r a n g e  x3,ooo to  I 4 . o o o  
b y  chemica ' ;  a n a l y s i s  ~5, s e d i m e n t a t i o n - d i f f u s i o n  ''~-" ~ud  X - r a y  c r y s t a l l o g r a p h y  ~: a n d  
m a y  be  u s e d  as  a s t a n d a r d  in .~kI1CHIIL~.LI) work .  T h e  m o s t  e x a c t  v a l u e  is p r o b a t f l y  
t he  c h e m i c a l l y  d e t e r m i n e d  one :  x3.895 '-''~. W e  o b t a i n e d  a va lue  of  I4 ,3oo  b y  the  
ARCHII~AI . I )  m e t h o d  a t  2 2  : ,  w i t h  ~t spta:d of 25,98o r e v . / m i n  a n d  us ing  ;7 - :  o.7o~ ~ 
m l / g  2~. T h e  a g r e e m e n t  is s a t i s f a c t u r v .  

RES1 'L'['S 

;~Iero~t3"osi~ t~omogcn.oi ly  

Tl ,e  or ig ina l  u l t r a c e n t r i f u g a l  a n a l y s e s  of mvosi ,a  d iges t s  were  p e r f o r m e d  ::-~ on 
m a t e r i a l  dige.~ted in 0.5 :tl KCI- J .o5 M l)hoslf lmte,  p H  7.I .  [n  suh.'.tXlut'nt d i r ec t ions  
for  p r e p a r i n g  a n d  i so la t ing  t lw meromvos i , a s  a b o r a t e  -KC! buffer ,  p H  8.8, w;is r e c o m -  
m e n d e d  ~. N o  u l t r a cen t r i f i l ge  p a t t e r n s  were  r e p o r t c d  for  d iges t ions  in the  b o r a t e  
m e d i u m .  To  c h e c k  the  course  of the  d iges t ion  in bo r ;m,  we the re fo re  ran  these  d iges t s  
in the  cen t r i fuge .  T h e  rosul t  is shown  in Fig. 4. One  st'es a l~rt)ad, poty 'd isperse  l e ad ing  
p e a k ,  a n d  a s y m m e t r i c a l  s lower  peak .  T h e  t r a i l ing  I . - m e r o n w o s i n  is s e e m i n g l y  h o m o -  
geneous ,  a n d  it was  t h o u g h t  t h a t  perh:tt~s ttu~ m b o m o g e n e i t y  of  the  l ead ing  p e a k  
m i g h t  be  d u e  in p a r t  to  s o m e  u n d i g e s t e d  m y o s i n .  H o w e v e r ,  i nc r ea s ing  the  t i m e  of 
d iges t ion  a c t u a l l y  b r o a d e n e d  the  p e a k  fu r the r .  We  then  a t t e m p t e d  tt, con t ro l  the  
d iges t i on  t i m e  m o r e  c a r e f u l l y  a n d  t iros a~ oid ove rd iges t i on ,  h y  d iges t i ng  in the  cold  
a t  o °. U s i n g  the  s a m e  rec ipe  as  a t  r o o m  t e m p e r a t u r e ,  z h of  t r y p t i c  a c t i on  stil l  left  
s o m e  u n d i g e s t e d  m y o s i n .  Th i s  was jus t  r e m o v e d  b y  inc reas ing  the  d iges t ion  t i m e  to  
3 h. T h i s  p r o c e d u r e  in t h e  colt[ s h a r p e n e d  t h e  l ead ing  p e a k  s l ight ly ,  hu t  the  p r e p a -  
r a t i o n  still d id  no t  approach t h e  h o m o g e n e i t y  s h o w n  m the  l i t e r a t u r e  for  r , hospha tc -  
d ige s t ed  s amp le s .  

Re/ere~tce~ p. 4~'4. 
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Fig.  4. Tryps in  degis t  of 0 .745% myos in  in o.5 21'/ KC1, o.I  M 
bora te ,  p H  8.8. Digest ion t ime :  12 rain.  Ul t racen t r i fuge  pho to -  
g raph  a t  59,780 r ev . /min ,  ~4~; ba r  angle  of 45° ;  48 min a f t e r  

a t t a i n ing  full  speed.  

Fig.  5. Tryps in -d iges ted  (25 °) myos in  in 0.5 M KCI, 0.03 M phos-  
pha te ,  p H  6. 7. Ul t racen t r i fuge  p a t t e r n s  a t  59,780 rev . /min  (a) 
Diges ted  fur 6 rain. P h o t o g r a p h  shows 0.700 % pro te in  a t  a t emper -  
a t u r e  of x0.5 ° and  bar  angle  of 50% [ i z  rain a f t e r  reaching full 
speed.  ~b) Diges ted  tor  so rrtin: 0 .86% pro te in ;  x9.5~; ba r  angle  
5o~: p ic tu re  a t  136 rain. (c) Diges ted  for 4 ° ra in;  0.700 % pro te in  

a t  zo% and  ba r  angle  of  50% 74 rain a f t e r  reaching  speed.  

{a) (b) ( ¢ }  

We then  t r ied a phospha te  digestion described in the  earlier paper  by  MIHALYI 
AND SZENT-GY(~RGYI 3,4. Myosin dialyzed against  o.o3 M PO4, p H  6.7, o.5 M KCI 
was digested wi th  t ryps in  for I2 min at 25 ~ and  the  digestion s topped with  soybean  
t ryps in  inhibitor.  The same protein concentra t ions  were used as before. U n d e r  these  
condit ions a much  sharper  H-meromyos in  peak was obta ined;  however,  on close 
inspection of the  peak as it reached the  end of the u l t racentr i fuge celt, a small t rai l ing 
shoulder could be discerned on the faster  peak (Fig. fib). Nei ther  by  decreasing nor  
increasing the  digestion t ime could this  shoulder  be e l iminated (Fig. 5). However ,  
the  shoulder is clearly not  myosin,  since increasing the digestion t ime only served 
to increase the  amoun t  of polydispersity.  This inhomogenei ty  of the  H-meromyos in  
m a y  be caused by  a f ragment  of overdigested H-meromyos in  or by  aggregated  
meromyosin .  There  is also the  possibility tha t  the  shoulder m a y  s imply be evidence 
o f  polydispersion in shape. For  example  the  unstable  molecule m a y  unwind part ial ly,  
the reby  changing its configuration and sedimenta t ion  coefficient. F rom these experi-  
ments  we concluded tha t  e i ther  the  pH, the  t ype  of buffer, or  the  na ture  of the  
par t icular  myosin  sample, was responsible for the  wide differences we had observed 
in the  shape of ihe  faster  peak. To test  this  hypothesis  we digested myosin  at pH  6.7 
and 7.I in 0.o3 M phosphate ;  pH 8.o, 0.3 M PO4; and  pH  8.o barbi tal  buffer. The  
first two showed the  same small shoulder. The concent ra ted-phosphate  digest ap- 
peared shoulder-free wi th  two homogeneous peaks (Fig. 6). The barbi tal  digest  dis- 
References  p. 484 . 
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{a) (b) (c) 

Fig. 6. Ten=minute trypsin digest in 0. 3 2¥I phosphate, pH 8.0. Speed : 
59,78o; eerie.: o.55 % protein; temp. of run: 2o~; (a) bar angle 5o% 
31 rain (b) bar angle 5 o°, 55 ntin (c) bar allgle 5o ~, 79 min (d)bar 

angle 4o '>, 1o3 rain. 

(d) 

Fig. 7- Twelve-minute trypsin digest in o.z .1/ barbital, pH 8.o. 
Speed 59,780 rev./min; protein cone. 0.70%: temperature  of run 

27°; bar  angle, M~- <~; 3o rain. 

p l a y e d  no  s h a r p  l ead ing  p e a k  a t  all,  o n l y  a b r o a d ,  r a p i d l y - s e d i m e n t i n g  p e a k  (Fig. 7)- 
~ r e  a lso  r e p e a t e d  the  b o r a t e  d i g e s t i o n  w i t h  t he  s a m e  resu l t  as  before .  

T h e s e  e x p e r i m e n t s  s e e m  to  i n d i c a t e  t h a t  t h e  bu f fe r  is i m p o r t a n t  in  t h e  d iges t i on  
wh i l e  t h e  p H  is n o t  c r i t i ca l .  W e  were  fo r ced  to  use  s u c h  a h i g h  p h o s p h a t e  concen -  
t r a t i o n  a t  p H  8 s ince  0.03 M PO4, p H  8 h a s  t o o  low ~t bu f f e r  c a p a c i t y  t o  m a i n t a i n  a 
c o n s t a n t  p H  w h e n  t r y p s i n  b r e a k s  t h e  p e p t i d e  l i nkages  of  m y o s i n .  E n o u g h  p r o t o n s  
a r e  l i b e r a t e d  d u r i n g  t h e  d i g e s t i o n  to  c a u s e  a p H  d r o p  of o n e  un i t .  S ince  0.3 ~ [  p h o s -  
p h a t e  is t h e  o n l y  m e d i u m  in  whtich we  o b t a i n e d  h o m o g e n e o u s  H - m e r o m y o s i n  we  
i n f e r  t h a t  t h e  h i g h  p h o s p h a t e  ion c o n c e n t r a t i o n  is r e spons ib le .  W e  h a v e  p re~dous ly  
n o t e d  t h a t  p h o s p h a t e  ions  s low t h e  s ide - to - s ide  a g g r e g a t i o n  of m y o s i n  a n d  s e e m  
t o  s t ab i l i z e  t h e  molecule20,2L P h o s p h a t e  m a y  e x e r t  a s i m i l a r  s t ab i l i z i ng  effect  on 
H - m e r o m y o s i n .  

H o w e v e r ,  a l t h o u g h  h o m o g e n e o u s  H - m e r o m y o s i n  was  o b t a i n e d  f r o m  t w o  s e p a r a t e  
m y o s i n  p r e p a r a t i o n s  in o.3 M P O  a, i t  was  n o t  o b t a i n e d  in th i s  m e d i u m  on t w o  o t h e r  
occas ions ,  t h e  s a m e  t r a i l i ng  s h o u l d e r  b e i n g  e v i d e n t  as in o .o3 M p h o s p h a t e .  As  f a r  
a s  we  w e r e  ab l e  t o  a s c e r t a i n  t h e  s a m e  c o n d i t i o n s  p r e v a i l e d  in all  t h e  e x p e r i m e n t s ,  
w i t h  o n l y  s l igh t  c o n c e n t r a t i o n  c h a n g e s  in t h e  m y o s i n  d e p e , l d i n g  on  t h e  y ie ld  of  t he  
p r e p a r a t i o n .  A t  p r e s e n t  we  can  offer  no e x p l a n a t i o n  fo r  t h e  v a r i a b i l i t y  of  t h e  f a s t e r  
p e a k .  I t  a p p e a r s  t h a t  H - m e r o m y o s i n  is qu i t e  u n s t a b M ,  or  v e r y  s ens i t i ve  to  t r y p t i c  
a c t i o n  or  b o t h * .  P h o s p h a t e  ions  s e e m  to  f a v o r  s t a b i l i t y  d u r i n g  t h e  d iges t ion ,  whi le  

* A s tudy of the small, dialyzable pepti,des formed during the tryptic digestion of myosin 
h a s  been made by Dr. e. F. SPAHR of the Biological L~boratories, Harvard  University, Cambridge, 
Mass. By means of paper electrophoresis and paper chromatography ke found tha t  a, considerable 
numl;mr of poptides x~re released on partial or complete digestion. The mobilities and Rp value~ 

Re/ere~ces p. 484. 
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...... • : i.i~ . ,  : .  i , .  ::... ,.~: :: i ..:: 

(a) (b) (c) 

F i g .  8. H - m e r o m y o s i n  i s o l a t e d  f r o m  m y o s i n  d i g e s t e d  f o r  t h r e e  m i n u t e s  a t  25 ° b y  t r y p s i n .  S p e e d  
in  a l l  c a s e s  : 5 9 , 7 8 o  r e v . / m i n ;  s o l v e n t :  o . o  3 ~1 p h o s p h a t e ,  p H  7 .0 ;  b a r  a n g l e  5o  z. (a) P r o t e i l t  
concentration of o.3z % ; run temperature : 2o°; time: one hour. (b) Protein concentration o.32 % ; 
run temperature: Io°; time: 4 ° rain. (c) H-meromyosin isolated from analogous ehymotryptic 

d i g e s t .  P r o t e i n  c o n c h .  0 , 4 8 3  g.u; r u n  t e m p e r a t u r e :  ; o ~ ;  t i m e :  78  r a i n .  

borate  and barbi tal  do not.  In  contras t  to the unstable na ture  of H-meromyosin ,  
L-meromyoMn seems quite  resistant  to t rypsin.  TIle shape and s y m m e t r y  of the L 
peak is uninfluenced by altering the buffer medium.  

Most of the previously repor ted sed imenta t ion  pictures of H- and  L-meromyos in  
imve shown the peaks during tile early stages of the ul t racentr i fuge run.  Consequent ly,  
it is impossible to judge the homogene i ty  of such peak~, since the shoulder we have  
observed only shows up towards  the end  of the  run (Fig. 5b). However,  in one "pub- 
lished case in which the run was carried ra ther  fur ther  t han  usual  (refA, Fig. 4 a) 
a stow :;boulder does begin to appear.  I t  is not  likely, therefore, t h a t  our  me thod  of 
myosin preparat ion is the eaus.e of the  inhomogenei ty .  

\Ve now turn  from considerat ion of the digests to the homogene i ty  of the protein  
fragments  isolated from them, H-meromyos in  separated from our digests showed, as 
eXl~ectcd, a pronounced trail ing shoulder. Because of the absence ii~ the l i te ra ture  
of ul l racentr i fugc pat terns  sull iciently far down the cet[ to show up the  existence of 
inhomogeneity,  and to check the sinister possibili ty tha t  our technique in preparing 
myosin was at lautt ,  we obtained two different samples of H-meromyosin  from Dr. 
J .  Gt~.IUH21.Y. OnL" o[ the~e had been obtained from a t rypsin  digest, the otl~er from 
a cl~ymotrypsin digest. Boti~ preparat ions show trailing shoulders, whether  run at  
morn tempera ture  or in the cold {Fig. 8). 

Whether  a completely homogeneous H-meromyos in  prepara t ion  can be prepared 
using the present enzymic digestion procedure is nncertain.  Work is in progress 

(,f m o s t  ~I t h e n e  l m p t i d e s  w e r e  i n d e p e n d e n t  ~Jf t h e  e x t e n t  1;o w h i c h  t h e  m y o s i n  h a d  b e e n  d i g e s t e d ,  
b e t w e e n  3r~ a n d  l oo"4 ,  d i g e s t i ~ m .  T h i s  is  c o m p a t i b l e  w i t h  t h e  v i e w  t h a t  t h e  d i g e s t i o n  is  o f  a n  
a l l - o r - n o n e  c h a r a c t e r .  H o w e v e r  t h e r e  a l s o  o c c u r s  a s e c o n d a r y  s l o w e r  d i g e s t i o n  p r o c e s s ,  w h i c h  i s  
e v i d e n t  f r o m  t h e  f a c t  t h a t  s o m e  c o m p o n e n t s  in  t h e  e l e c t r o p h o r e t i c  a n d  c h r o m : t t ( ~ g r a p h i c  p a t t e r n s  
c h a n g e  in r e l a t i v e  c n n c e n t r a t i o n  a s  d i g e s t i o n  p r o c e e d s ,  a n d  s o m e  n e w  c o m p o n e n t s  a p p e a r .  I n  
a d d i t i o n  t o  t h e s e  n m a l l  d i a l y z a b l e  p e p t i d e s  t h e r e  i s  art l e a s t  o n e  n o n - d i a l y z a l f l e  c o m p u n e n t  w h i c h  
is d i s t i n c t  i t e m  L -  o r  H - m e r o m y o s i n .  ( ) h e  p o s s i b l e  i n t e r p r e t a t i o n  o f  t h e s e  o b s e r v a t i o n s  w o u l d  
i l ! v o l v e  a p r ( , g r e ~ s i v e  h y ( l r o l y s i s  o f  1 4 - m e r o m y o s i n .  T h i s  w o u l d  b e  c n m t ) a t i b I e  w i t h  t h e  h e t e r o -  
g e n e i t y  c)f H - m e r o m v o s i n  a s  ~ b s u r v e d  in  t h e  u l t r a c e n t r i f u g e .  

Iir/vr,'Jtc~,~ p .  4~;4 . 
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i i ...... i 
Ia) (b) (e) (d) (e) 

Fig,  9- L - m e r o m y o s i n  i so l a t ed  f r o m  m y o s i n  d i g e s t e d  for  t w e l v e  m i n u t e s  a t  25* b y  t r y p s i n .  R u n  
inVo.6 M KCI a t  59,78o r e v . / m i n .  {a), (b) a n d  [c) s h o w  o . 4 a 3 %  p ro t e i n  run a t  to  =, wi th  b a r  ang le s  
0 ( 5  o°,  6o ° a n d  5o ° a t  ~ rain, zz nt in,  an t i  86 rnin, r e s p e c t i v e l y ,  s h o w i n g  t h e  a b s e n c e  of  a l ead ing  
p e a k .  T o w a r d s  t h e  e n d  of  t h e  run ,  L - m e r o r n y o s i n  a l w a y s  looks  h o m o g e n e o u s  as  s h o w n  by  (d) 
a n d  (e] t a k e n  for  a p r e p a r a t i o n  t h a t  n,xd a sm~ | l  l e ad ing  pcttk, t~hott~graphs for  o.4o°~) proteit~ 

a t  - ' 7 . S  ~ w i t h  a ba r  ang le  o[ 45 ~. T i m e s  ~ e r e :  (d) t.t5 rain a n d  (e) I93 min .  

to  pur i fy  H-meromyosiu  by  ion exchange methods*. Unfor tunate ly ,  H-meromvosin  
is an ex t remely  unstabk: protein and  it m a y  not  be possible to  obtain it in a homo- 
getmous form if, indeed, it ever exists as such. It is very sensitive, not  only  to over- 
digest ion by  t ryps in ,  but  also to heat ;  it denatures  rapidly on exposure to room 
tempera tu re .  

L-meromyosin,  on the other  hamt,  is relat ively insensitive to  t rypt ic  action. 
However,  if the ionic s t rength is allowed to fall below o.o5 dur ing  the precipitation, 
sma l l , amoun t s  of H-meromyos in  m a y  be coprecipitated.  This m a y  explain the small 
leading peak t h a t  appears  in prcparation~ allegedly pure (ref. 6, Fig. 5)- When all 
precautions of choice of buffer and  ionic s t rength  of precipitation are observed, a very 
homogeneous peak is obta ined (Fig. 9)- Fur thermore ,  the preparat ion is very  stable. 
When  L-meromyos in  was left  a t  room tempera ture  for 23 h it remained homogeneo.u.s, 
in cont ras t  to the behavior  of myosin and  H-meromyosin.  

A s t u d y  of the rate  of sedimenta t ion  of L-meromyosin  as a function of corlcen- 
tratioa~ gave  a value of 2.99 Svedberg units for the intrinsic sedimenta t ion constant'. 
This agrees with the value dc termined by SZENT-(~Y~RGYI: 2.86 Svedberg. 

~Vleromyosin composition o/myosi~ 
The results obta ined from area measurements  on the diagrams of the run illus- 

t r a t ed  by Fig. i ,  and  the corrections applied according to equat ions (3) and (4) are 
summar ized  in Table I. The value of a obta ined from the plates and the plot of Fig. 2 
was o.416. This agrees well with the value of o.41o calculated from the da t a  obta ined 
by  SZE.~T-GYii~GYI in studies of the isolated components.  Column I r  of Table I gives 
the per-cent L-meromyosin  (~-~ 33 ~ ~,) corrected only for radial dilution. The "bu i ldup"  
of slow component (Column 5) is seen to be appreciable and  this is reflected in the 
values of the last column, showing the % L-meromyosin  corrected both for radial 
dilution and J O H N S T O N - O G s T O N  effect. The corrected values are constant  from frame 
to frame;  the determinat ions  on two separate digests also agreed well and showed 

" A t t e m p t s  have b e e n  m a d e  by  I)r. I'. F. S~.xnR to  p u r i fy  t h e  H - m e o , n t y o s i n  u s ing  ion-  
e x c h a n g e  c h r o m a t o g r a p h y  on D E A l :  cel lulose ,  t : n d e r  c e r t a i n  c o n d i t i o n s  a s h a r p  c h r o m a t o g r a p h i c  
p e a k  was  o b t a i n e d .  H o w e v e r ,  when  a n a l y z e d  in t h e  u l t r a c e n t r i f u g e  th i s  p e a k  still  s h o w e d  a t r a i l ing  
shou lde r .  Th i s  s h o u l d e r  migh~ be  due  to  a m a t e r i a l  s imi l a r  in p r ~ p e r t i e s  to H - m e r o m y o s i n ,  s ince  
i t  is e l a t e d  u n d e r  t h e  s a m e  c h r o m a t o g r a p h i c  c o n d i t i o n s .  

Rc/er¢~wcs p. 48.1. 
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vor~. 34 (1959) MEROMYOSIN$ ~ X  

an average value o f  25-5 % L-meromyosin ,  and  74-5 % H-meromyosin .  These values 
aiffer subs tan t ia l ly  f rom those ob ta ined  previously.  In fact,  even the  figure obta ined  
for the percen tage  of L-meromyosin ,  making  only tile radial dilution correction,  is 
~5 % lower than  the value used lfi therto.  If bo th  correct ions are omi t t ed  our  pla tes  
show a bou t  4o % of the mater ia l  as the slower component .  Since no details of the 
correct ions  made  are given in the repor t  of the  earlier work, it m a y  be inferred t h a t  
this  is the  cause of the  discrepancy.  

Since the  JOHNS'FoN-OGsTON effect is so impor t an t ,  it is necessary to  consider  
the  jus t i f icat ion for such a correct ion.  HARRINGTON AND SCH,~CHMAN have shown 
the  effect of a fast  com ponen t  on different  slow component.~ by  s tudy ing  artificial 
mix tu res  in which the  concen t ra t ions  of the individual  componen ts  were known le. 
T h e y  found  t h a t  the area  of the slow componen t  in a mix tu re  could increase by  as 
muc h  as 3 0 0 %  over  t ha t  of a comparab le  concen t ra t ion  of the  slow componen t  alone. 
T h e y  also showed t h a t  the  magn i tude  of the  anomaly  depended  on the  p r o x i m i t y  
of  the  sed imenta t ion  cons tan t s  of the  individual  componen t s ;  as the  rat io  of the 
sed imenta t ion  cons tan ts  decreased f rom I4. 4 to 1.o 9 the magni tude  of (_:.~,nb*/C°, in- 
c reased from I .o  to z.  7. The  mix tu re  most  closely approx imat ing  ours  con ta ined  
f ibrinogen (S~ = 5-3) and fl-lactoglobulin (S~ ~ 2.7) .  In  tha t  case they  observed 
C,°us /C% - -  1.5. For  comparison,  in one of our  exper iments  (SF = 4-9 and Ss = 2.7) 
we found a value of 1.3 for this ratio. I t  thus  appears  t h a t  na tu ra l  mix tures  of L- 
and  H-meromyos~n occur  in a range where the  JOHNSToN-OGSTON correct ion has been 
well es tabl ished b o t h  theore t ica l ly  and  empirically,  and  we would expect  calculat ions 
based  on equa t ions  {3) ,and (4) to  express  accura te ly  the percent  composi t ion of these 
mix tures .  

F u r t h e r m o r e ,  if one  assumes,  as a first approx imat ion ,  t ha t  S~.m,~,. <~ S .  
because of the  v iscos i ty  inc rement  of the fa~t componen t ,  one can calc~flate Ss. rmxt. 
b y  dividing Ss b y  the relat ive viscosi ty of the solut ion conta in ing  the fast  componen t  
(eq. (~)). The  cor rec t ion  der ived  in this manne r  has been found  empir icaEy to agree 
wi th  t h a t  f rom the  more  exac t  formula t iun~, lL SZENT-GY6RGYI'S da t a  yield a value 
of x.x 9 for  the  re la t ive  viscosi ty  of an H-meromyos in  solut ion having o.58 g/dl.  
Therefore  we have  from eq. (2) and  the d a t a  a t  the highest  concen t ra t ion  (0.86 % total  
p ro te in )  of Fig. 2: S,, mi~t. ----- 2.71/z.19 ---- 2.28 S. Subs t i tu t ing  this  value  in to  eq. (I) 
we ge t :  Cs°rJs/Cr ° --= r . zo ,  I f  we app ly  this  ra t io  to  column four  of "fable I (which 
has  a l r e a dy  been co r rec ted  for  radial  dilution) we ob ta in  a value  of 27.6% L-mero-  
myosin ,  in close accord  wi th  the  value more  e labora te ly  der ived  previously.  The use 
of successive app rox ima t ions  in calculat ing the  viscosi ty cor rec t ion  brings the results  
even  closer, 

We m a y  conclude from these comparisons  t ha t  the  JOHNSTos-OGSTOS cocrect ion 
is necessary  to give t rue  restflts in these mix tu res  and  t ha t  t he  cu r ren t  value,  25 % 
L-me ;omyos in ,  is to be pre fe r red  ove r  the  older  figure of 43% L. 

One obvious  means  of  checking the  JOH.~SXoN-OGsxON correct ion would be to 
t ake  known concen t ra t ions  of purified L- and  H-meromyos in  and  de te rmine  their  
areas in artificial  mixtures .  This procedure  has the d rawback  tha t  the H-meromyos in  
is difficult to  obt~dn in pure  form and  aggregates  quickly.  

M e r o m y o s i n  m o l e c u l a r  we igh t s  

A typ ica l  schlieren pho tog raph  of the  app roach  to  sed imenta t ion  equi l ibr ium 

References p. 484 . 



4 8 2  S. LOWIEY~ A, H O L T Z E R  VOL. 3 4  k J . ~ 3 ~  s . . . . .  

aald a syn the t ic  boundary  cell photograph are shown in Fig. 3- The d a t a  /or both  
mcromyo.~ins are plot ted as M w  vs.  time in Fig, Io. Since no t re 'nd in .molecular  
weight values appeared with  vary ing  protein concentrat ion,  we m a y  assume t h a t  the 
second virial coefficient in both  cases is zero. 

For  L-meromyosin,  which has been shown to be stable and  homogeneous,  there 
is likewise no dependence of appnrent  molecular  weight on t ime. ~I'he average molecular  
weight obta ined for this sub-uni t  is x26,ooo -}- 2ooo. 

As expected from the s tabi l i ty  and  homogenei ty  studies reported above, the 
da t a  fox- H-meromyos in  are scat tered over  about  a 30% range, and  in the  case of 
the H-nlcromyosin  isolated frora the  t rypsin  digest there does appear  to be a t rend 
upwards of molecular  weight  wi th  time. However,  the ar i thmet ic  average of all the  
values (solid line, Fig. IO) gives exact ly  the  same molecular weight as the  value 
deduced from tlle intercept  at zero t ime of the least-squares line (dashed line of Fig. 
IO) througt~ the da t a  for the  t ryps in  digest ;  and the  value so obta ined  is only 3-5% 
higher than the average of the chymot ryps in  values alone (dot and  dashed line of 
Fig. io). We therefore m a y  accept the figure 324,000 --  2o,ooo as the  molecular  
weight of H-meromyosin.  

4 "n j- ~ H" Meromyost 
3 $ O .~" ~-- _.~.....,-w Trypsin cliOe~t 

~ o  r ~ /  Chymotryp~n digest 

F i g .  no. . k r c h i b a l d  n l o a s u r e t n e n t s  o f  - 1 - ' - - _  - - "q~ ~ O 0~48% 
m e r o m x ' H s i ; -  m o l e c u l a r  w e i g h t s  a s  a ~ ~.80 
f u n c t i o n  o f  t i m e  and  p r o t e i n  c o n c e n t r a -  o [ l_-Mer0my0sin-~/ la~di~ 
t i o n .  T h e  d a s h e d  link- is  t h e  l e a s t  s q u a r e s  -~ q Meriiscus 

/ I 0.37% f i t  ~)f t h e  d a t a  f o r  t t : e  [ t-nxerort t3"osizx fronn ~ t 4 0  ~ m _ ~ El O,~0% 
t r y p s i n  d i g e s t  o n l y .  T h e  s o l i d  l l n e  i s  t h e  120 ~-' ~-' ~ 0 0.31% 
a v e r a g e  o f  a l l  t t - m e r o m v o s i n  d e t e r m i n a -  , ~ L  D0tt0m 

" ' ~ "  ~ ,¢, o . s 7 %  t i u n s ,  a n d  t i l e  d o t - d a s h  l i n e  is  t h e  a v e r a g e  r • 0.31% 
¢~f d a t a  f r o m  ~he c h v m o t r y p s i n  d i g e s t  

" t - - -  n n ~ i n L I I 

~mb,'. 0 16 32  48  64  BO 
Time (rain) 

The comparison of these molecular  weights with h i ther to  accepted values has 
some puzzling features. SZt-:Nx-GYi~RGYI reported 96,ooo and  232,0o0 for L- and  H- 
meromyosin  respectively, by die sedimentat ion-diffusion method  G. However ,  in t h a t  
s tudy ,  a value of o.748 ml ~'g was used for tile part ial  specific volume. 1"o be comparable  
to our own measurements ,  these must  be corrected to the value: ~ == o.728, Making 
this correction we find 8%o00 for the molecular weight  of lAght-mcromyosin and  
2 I5,OOO for the heavier f ragment .  The current  values represent  an increase of 30-35 % 
in both cases. This increase, it will be seen below, is of vi tal  impor tance  in a n y  
a t t e m p t  to reconstruct  the myosin molecule from its f ragments .  Since we find quant i -  
t a t ive  agreement  with the  earlier de te rmina t ion  of the intrinsic sed imenta t ion  
cons tant  of both  meromyosins  the difference must  arise in the  de termina t ion  of 
diffusion constant ,  i t  must  be admi t t ed  tha t  the measurement  of diffusion cons tan t  
for substances ,: i th molecules t i lat  are both asymmetr ic  and  unstable  is a difficult 
mat ter ,  even with the highest precision apparatus .  In the s t u d y  under  discussion, 
the diffusion curves obta ined are not  shown, hut  the sedimentat ion pa t te rns  show 
:~ leading shou!dcr for both meromyosins and the fur ther  possibility of a trail ing 
shouWter in the H-meromyosin  case. Consequently,  it is hard to unde r s t and  why  

i~c]w.en~.s p. 4X4. 
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inhomogeneit ies did not appear  in the diffusion experiments.  Admit t ing  these de- 
ficiencies of the sedimentat ion-diffusion m.:thod, however, it is difficult to explain 
the  fact tha t  the results  in this case led to molecular weight5 t h a t  are too low! In  
contras t ,  some recent sedimentat ion-diff  ,si,,,~. exi~eri:nc~tts by  GEI~GELY and co- 
workers 7 g~ve molecular weights-of  I2O,OOO for L-meromyosin and  34o,ooo for H- 
meromyosita~ The la t ter  value was also obta ined  by  light-scattering. Alth~,ugh these 
exper iments  have not ye t  been reported iu sufficient detail  to provide an explanat ion 
for the d ispar i ty  in diffusion constants  measured in the different laboratories, their 
work anti ours may  t en t a t i ve ly  be taken as mutua l ly  cvrrob¢mxtivc, 

DlSC~rSS10X 

On the basts of these v',ducs of +,h,~ meromyosin m~lecular weigl~ts, the current ly  
accepted reconstruct ion of myosin from its sub-units  (LzH) would rcquir~ a myosin 
molecular  weight of over 6 - i o  ~, taking into account  tha t  the digestion releases about  
6% of the  t o t a l  mater ia l  in the form of dialyzable fragments*,% In contrast ,  the most  
recent de te rmina t ions  of the molecular weight of in tac t  myosin show values between 
4.2. lO 5 and  4-9" Ios"la'l"t'~°- I t  is apparen t  tha t  only one molecule of each meromyosin 
can be accommoda ted  in an aggregate of such low total  mass. Correcting again for the 
small f ragments  lost, our meromyosin  molecular weights would then  require a value 
of 4.7" IoS for the mass of in tac t  myosin.  This agrees quan t i t a t ive ly  with the mea~ured 
value for the parent  myosin.  Fur thermore ,  if ca,  percentage da t a  are correct, L- 
meromyos in  shoutd make up about  one-four th  of tile mass of myosin (less 6 ° ; ,  

dialyzable fragments) .  This is likewise seen to be correct, witkirt exper imental  error. 
Amino acid analyses of myosin and  the meromyosins  have also been used to 

jus t i fy  the  older formula (L~H). We must  inquire how well the s t ructure  we propose, 
(LH), fits these da ta .  On examina t ion  of the d a t a  of KOMINZ el el. m we find t h a t  only 
in the cases of arginine and  phenylalanine is the agreement  worse t han  for the L2H 
model,  and  even ia those cases it is doubt fu l  if the disagx eement is serious. Apparent ly  
the amino acid colnpositions of the meromyosins  are too similar to allow for any  
great sensi t iv i ty  in using this criterion. The same is t rue  of the  optical  ro ta t ion:  
wi th in  the. l imits of error a l lo t ted  to the  measurements  the optical  activities of one 
L- and  orte H-meromyos in  also add  up to tha t  of myosin ~. 

Al though measurements  of the molecular lengths of the meromyosins  are in 
pre l iminary stages only,  it might  be added  tha t  l ight-scat ter ing studies show a length 
of about  9oo )k for L-meromyosin  ~° and  8oo A for H-meromyosinL The aggregate 
length,  x7oo A, agrees quan t i t a t ive ly  wi th  the value for myosin 2°, suggesting an end- 
to-end a r rangement .  

I t  is clear t h a t  these consideratious serve to te rmina te  the budding controversy 
over the  quest ion of whether  the mcromyosins  are arranged in myosin in the order 
L L H  or L H L .  The s t ruc ture  L L H  had  been proposed from evidence deduced from 
the angular  scat ter ing envelope ~x, while end-group determinat ions  have been inter- 
pre ted  as requiring the L H L  ar rangement  a2. In  this connection it should be added  
t h a t  the newer L H  s t ruc ture  is in agreement  wi th  the measured angular  scat ter ing 
envelope of myosin  ~a. 

Perhaps a word of warning is necessary at  this stage. I t  mus t  be emphasized 
tha t  the Heavy-meromyosir t  is u l t racentr i fugal ly  inhomogeneous, and  bo th  fraganents 

Relere~ces  p .  4,~*'4 . 
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are immunologically inhomogeneousa~; so although the myosin molecule is undoubt- 
edly divided rougb.]y into two different parts, it would appear either that partial 
enzymic digest ion does not  separa te  these uniquely,  or t lmt  thc dividing line is 
itself not  ent i rely sharp.  
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