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In connection with our ultracentrifuge studies of myosin, actin, and actomyosin, 
we have also studied some of our solutions in the electron microscope. We have thereby 
seen some structures which have not been published before, and it therefore seems to us 
to be of interest to publish some pictures. The micrographs have been taken with the 
gold shadow method of WILLIAMS AND WYCKOFF 1. 

Earlier, JAKus AND HALL 2 published some pictures of actin and myosin. Their 
myosin is obviously contaminated with actomyosin. No pictures have been published 
of pure myosin. PERRY AND REED a have studied actin and actomyosin. Furthermore 
SZENT-GY6RGYI 4 published some pictures of STAUDINGER AND ROZSA in Bern where, 
however, the resolving power of the electron microscope was poor. 

Myosin 
Earlier we have published a some pictures from myosin once crystallised according 

to SZENT-GY6RGYI 6 showing that  these crystals are of the same paracrystalline nature 
as the crystals of tobacco mosaic virus. One can clearly see how they are composed of 
very long fibrils. The crystals end in thin points. Where the fibrils terminate the myosin 

Fig. I. Myosin  c rys ta l s  ob ta ined  t h r o u g h  d ia lys ing  a 
p o t a s s i u m  chloride solut ion (8ooo X). 

* Biochemical  Ins t i tu te ,  Budapes t .  
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molecules are often irregularly 
clustered. The crystalline needles 
can be broken up in threads of 
uniform thickness by ultrasonic 
treatment.  Myosin precipitated 
by  dialysing a potassium chloride 
solution forms even needles but 
much smaller in size (Fig. I). 

Crystalline myosin is soluble 
in distilled water. The solutions 
seem to contain the myosin in a 
jelly-like state. From the electron 
micrographs one can see that  the 
jelly is composed of fibrils of my- 
osin which are twisted together 
(Fig. 2). 

In myosin dissolved in o.3 
M KC1, the thread structure has 
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Fig. 5. F-actin polymcrizcd with o.oo: 
M MgC12 (8ooo ×) 

Fig. 6. Actomyosin from l part F-actin 
and 3 parts myosin, pH 7. "Jelly par t"  

(8ooo x ) 

Fig. 7 Actomyosin from I part  F-actin 
and 3 parts myosin, pH 7. "Thread 

fraction" (8ooo X) 
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Fig. 8. Actomyosin  plus ATP. "Je l ly  
f rac t ion"  (8ooo >t ) 

Fig. 9. Actomyosin  plus ATP. "Thread  
f rac t ion"  (8o00 < ) 

Fig. ~o. Actomyosin  plus ATP with 
some uncont rac tcd  threads .  (8ooo X ) 
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disappeared. Only here and there 
is possible to see some clusters of 
myosin. The myosin seems to lay 
smoothly on the surface even at 
fairly small concentrations. At 
very small concentrations this 
layer is broken but no free mole- 
cules are visible. 

Aclin 

The pictures of G-actin, 
prepared according to STRAOB 7, 

which PERRY AND REED and 
SZENT-GYORGYI have published, 
show that  the preparation has not 
been pure.  P ic tures  wi th  clusters Fig. 3- C-actin from muscle powder  which is insufficiently 
of act in  are ob ta ined  when the t r e a t ed  with acetone (Unstained 20000 × ) 

actin is insufficiently purified (Fig. 3). Such clusters appear as dark irregular spots on 
unstained micrograph pictures. When the muscle powder is treated several times with 
acetone they disappear. Possibly the material which holds the actin molecules together 
dissolves in acetone. 

The polymerized actin (F-actin) is, as JaKus AND HALL have shown, in a fibroid 
state. They found that  the length of the fibrils was a function of the PH at which the 
G-actin was polymerized. They polymerized it with acids. We have polymerized our 
G-actin in water with o.ooi M MgC12. I t  was possible to see that  the threads were com- 
posed of small particles (Fig. 4, P, 662). The threads of F-actin aggregate very easily. 
The aggregation generally takes place in a special manner. The threads bind themselves 
together to form very thin sheets. The unusal ease with which the solutions of F-actin 
show great double refraction may  depend on such structures (Fig. 5, P- 663). 

A ctomyosin 

We have mainly studied the actomyosin obtained by adding an actin solution to 
a myosin solution in the optimal ratio (I part  actin to 3 parts myosin). Some experiments 
with the native actomyosin, the so-called B-myosin of SZENT-GY6RGYI 8, did not show 
any good results. One could see long free threads, but they were very diffuse because 
the whole surface was covered with a layer of protein. At very great dilutions, the protein 
film was broken but at the same time the threads could not be detected. From our 
experience of the fact that  B-myosin is much contaminated with myosin and from our 
experience of myosin stated above the film here is probably due to myosin. 

In the ultracentrifuge their seems to be a difference between B-myosin and syn- 
thetic actomyosin. Synthetic actomyosin has more jelly-like properties. In actomyosin 
one can see one component which sediments very quickly to the bot tom and has marked 
jelly-like properties, and another component which sediments more slowly. 

In our actomyosin solutions from synthetic actomyosin, this very fast jelly-like 
component was the greater. We have separated the two components in the centrifuge 
and tried to take micrographs of both. We have, however, not seen any principal differ- 
ence between them. Both are composed of threads but they are much more intermingled 
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in the jelly part (Figs () and 7). If care is not taken to use actin myosin in the optimal 
ration, one obtains as did PEI~I(v aND Rt~E>, pictures where the actomyosin is obviously 
covered by a protein fihn. 

Under a certain concentration of salt (o.I 5 M KC1), the actomyosin contracts 
with adelmsintriphosphate (ATP). In the so-called jelly fraction, the actomyosin con- 
tracts to clusters greater than the electron micrograph {Fig. 8). In the other fraction 
the clusters were much smaller (Fig. 9). In both cases we were not able to detect any 
structure in the material. In some cases we could see that a smaller part of the threads 
did not contract in spite of the fact that nearby threads contracted (Fig. io). That this 
possibility can occur is shown by the investigations of B a x ~ a  aND Guua (quoted by 
SZ,.;X-T_GVSI~GVI< G). They showed that when the myosin had a small amount of proteins 
adsorbed the actomyosin did not contract with ATP. We certainly had little of such 
myosin in our solutions. 

The investigation is financially supported by "Svenska Statens Naturvetenskapliga 
Forskningsi,td". 

,% l Pd .MAI~Y 

In  genera l  the presen t  work  confirms the resul ts  of p rev ious  inves t iga t e r s ,  i t  shows fur ther  
t h a t  the myos in  molccules ca n form t h r e a d s  when high sa l t  concen t ra t ions  are  not  used. In  o the r  eases 
myos in  will  form a p ro te in  film. 

Only when  enough acetone t r e a t m e n t  has  I/een used, is al l  t i le G-ac t in  in g lobu la r  form w i t h o u t  
the  pa r t i c l e s  being c lus tered together .  Tile fibrils of F -ac t in  can tmi ld  up ve ry  th in  sheets  when the 
po lymer i za t i on  occurs in  the presence of a l i t t l e  MgC12. 

Syn the t i c  a c tomyos in  consists  of long t h r e a ds  t h i c ke r  t h a n  t h r eads  of myos in  or F-act in .  They  
are  of ten  mingled together .  If  care  is not  t aken  to avoid  c o n t a m i n a t i o n  of too much  myos in  the l a t t e r  
wil l  lay, as  a t h in  film over  the ac tomyos in  and make  i t  not  eas i ly  visible.  Na t ive  a e t o m y o s i n  (B- 
m y o s i n )  i nve s t i ga t ed  was a lways  t ,oorly vis ible  on account  of such a film. Ac tomyos in  t h r e a d s  wi th  
ATP  c o n t r a c t  to je l ly  c lus ters  in which i t  is not  possible to see any  s t ruc tures .  Ac tomyos in  t h r e a d s  
which do llOt cont rac l  have  also been SPell. 

RI:;S UMI~ 

1,e prdsent  t r ava i l  confirme en gdndral les rdsu l ta t s  des a u t e u r s  an tdr ieurs ,  i i  mon t r e  ca  ou t re  
que les moldculcs de myosine  pc uve n t  former  des f i laments  en l 'abscnce de fortes concen t ra t ions  en 
sel. Sin(m, hi l l lyosiue fortne unc COllChe mince.  

Ce n 'cs t  qu 'apr~s  un t r a i t e m e n t  convenal)le  g l 'acdtone que ton te  l ' ac t ine  (; p rcnd  l ' d t a t  globu-  
la i re  sans quc les t / a r t i c u k s  s 'agglomOrent.  Les fibri l les de l ' ac t ine  F penvcn t  e o n s t i h w r  des couches 
trbs minces  si lcur  po lymdr i sa t i on  a l ieu cn prdsence d 'un  peu de MgCI=. 

L ' ac tomyos ine  syn th6 t ique  cst  form6e pa r  de hmgs f ih/ments  plus 6pais que ceux  de la myos ine  
ou de l ' ac t ine  F. ('es f i laments  sent  souven t  enchcvdtr6s .  Si l 'on n 'a  pas soin de suf f i samment  61iminer 
hi myosine ,  ce t te  dcrnibre  se ddpose en lihns minces sur  l ' a c tomyos ine  e t l a  rend d i f f ic i l ement  vis ible .  
C'est  pour  ee t te  ra ison (tue I 'actomvosim~ na t ive  (nlyosine B) n 'es t  j ama i s  b ien  visihle.  L(s  f i l amen t s  
d ' a c tomyos ine  on t)rdsence de ATP se c o n t r a c t e n t  en amas  gd la t ineux  dans  lesquels  il n ' es t  i)ossible 
(le voi r  aucune s t ruc tu re .  On a cortsfatd dga lcment  l ' ex i s tence  de f i laments  d ' a e t o m y o s i n e  qui  ne se 
c o n t r a c i e n t  pas. 

Z[ ;SAMMENFASSITNG 

Im a l lgcmciuen  bes t / i t ig t  die vor l iegende  A r b ( i t  (lie Ergebnisse  f r i ihcrer  Untersucher .  Sic zeigt  
wei te rh in ,  dass (lie Myosinmoleki i ]e  Fti(len bi ldcn k6nnen,  wenn keine hohen Sa l zkonzen t r a t i onen  
bcnu t z t  werdcn.  In  andc ren  F~tllen b i l de t  MTyosin c inen Eiweissfi lm. 

N u t  nach c ine r  gen i i g tnde n  ]~chandhmg m i t  Azeton bcf indet  sich Mlcs (; A k t i n  in 1,2ugcI- 
form. ohne class (lie Teih;hen z u s a m m c n g e k l u m p t  sin(l, l)ie F ib r i l l en  yon F -Ak t i n  k6nnen  sehr  di inne 
Bl i t t ter  bilden,  weml (lie P o l y m e r i s a t i o n  bei Anwesenhe i t  von e twas  ~'rgCl 2 erhflgt.  

Syn the t i sches  Ak tomyos in  be s t e h t  aus langen  F g d e n  (lie ( l icker sind als die F~klert von .Myosin 

l~'('l)u'c~zces /~. 667. 
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oder F-Aktin.  Sie sind oft mite inander  verknS~uelt. Wenn nicht daffLr gesorgt wird, Verunreinigung 
durch  zuviel Myosin zu vermeiden,  Iegt sich dies als diinner Fi lm iiber das Aktomyosin  und macht  
es schlecht sichtbar.  Natives Aktomyosin  (B-Myosin), das un te r such t  wurde,  war infolge eines 
solchen Films immer  schlecht zu sehen. Aktomyosinf/iden kont rah ie ren  mit  ATP zu gelatin6sen 
H/iufchen, in denen keinerlei S t ruk tu r  zu sehen ist. AktomyosinfS.den, die nicht kontrahieren,  wurden  
auch beobachtet .  
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