
['he proteins derived from the contractile system 
zted much interest, and our knowledge of the chemi, 
~tes chiefly from investigations on skeletal muscles 
istry of smooth muscles is, on the other hand, rathei 
['he muscle of uterus shows in its behaviour many 
les. I t  is only working during a short period. During 
it and after partus it rapidly decreases again. 
]Cork performed on the contractility of threads pr, 
s muscle has shown that the contractility of the 
mncy and that threads prepared from reprecipitate 
actility 1. In an electrophoretic study on homogenate 
onent increasing during pregnancy is in many resF 
component increases in the corpus part of the uter~ 
:vix and isthmus where the contractility does not in( 
it was, therefore, of considerable interest to see if t 
'epared in the same manner as from the skeletal mu 
is part of the uterus. The method of SZENT GY~R, 
in and actomyosin from skeletal muscle, has been us 
In the investigations sections from the corpus part 
i in connection with uterus extirpations, have been u: 

enates ° it has oeen snown mat  u 
~ects similar to actomyosin 

uterus during pregnancy, but n 
increase. 

the contractile proteins cou 
muscle by using tissue from tl 

GY(SRGYI 3, successful in preparii 
used. 

of the human myometriui 
used. In some cases the corpl 

a used in order to obtain a greater mass of material, b 
'o kinds of muscle tissue have been observed. 
first performed to obtain myosin from muscle of pregnal 
ENT-GYORGYI. No myosin precipitate formed. An analy, 
owed that it contained less than five per cent myosin bl 
rly sixty per cent tropomyosins. On account of the failu 
;tigations were concentrated on preparing actomyosin. 
1at the contractile protein complex we extracted from tl 
gosin even if in many respects it behaves as such and 
uscle in the same manner as actomyosin from the skelet 
e actotropomyosin for the new complex. 

ghly minced in the frozen state with a chop mincer. T] 

This com 
in cervix 

I t  
be pre t 
corpus 
myosin 

In 
taken 
part of cow uterus has been 
differences between these two 

Some experiments were 
uterus by the method of SZENT-GY 
of the extracted solution showed 
it did contain actin and nearl' 
to obtain myosin, the investi 
should be mentioned here that 
uterus muscle is not actom) 
obtained from the uterus muscle 
muscle. We suggest the name 

The preparation o/actotropomyosin 

The muscle was thorou 
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roteins have  been r ep rec ip i t a t ed  and  red isso lved  in tk 
ned has  been cal led " twice  p r ec ip i t a t ed  a c t o t r o p o m y  
7he p H  of the  supe rna t an t  has been r ead ju s t e d  witt  
flate p rec ip i t a t e  formed.  I t  was cent r i fuged off, resus 
riginal buffer solut ion.  The d ia lyzed  solut ion has thei 

s o~ actotropomyosin 

?he concen t ra t ion  in solut ions  of once p r ec ip i t a t e d  su 
easurements  of the  inc rement  of re f rac t ive  index (n 
on). In  Table  I the  mean  values  of severa l  measurem 
,bout :k I in the  different  measurements .  

TABLE I 

Species mg/g wet muscle 

h u m a n  n o n - g r a v i d  4 

human gravid 1 
cow non-gravid 4 
cow gravid I 

comments concerning the preparations 

n the  cases when non-g rav id  muscle was inves t iga t  :ated, a nucleoprote in  was al, 
.' to sepa ra te  p a r t l y  the  nucleoprote in  f rom the solutioI 
since i t  p r ec ip i t a t ed  at  a wa te r -d i lu t ion  of 1.5-2 volume 
cle was inf i l t ra ted  wi th  m y o m a ,  the  nuc leopro te in  occurre 
~ration a t  all  could  be obta ined .  The nucleoprote in  has  n{ 

le from pregnan t  u te rus  was used, no such p rec ip i t a t e  w~ 

ns have been pe r fo rmed  on solut ions  of once and  twi~ 
a. An Os twald  v i scometer  was used (I iO sec., 22 ° C). 
ldence of the  specific v iscos i ty  in solut ions of once precip 

non-g rav id  u te rus  was less t han  t ha t  f rom a syn the t  
)sin and  act in  3:1)  f rom skele ta l  muscle.  A r e p re c ip i t a t k  

S o m e  

I n  
p rec ip i t a t ed .  I t  was possible 
before  the  ac to t ropomyos in  since 
In  some cases where  the  muscle  
in such amoun t s  t ha t  no separa t ion  
been  inves t iga ted .  

In  the  cases where muscle 
ob ta ined .  

Investigations on the solutions 

Viscometr ic  inves t iga t ions  
p r ec ip i t a t ed  ac to t ropomyos in .  

The  concen t ra t ion  dependence  
t a r e d  ac to t ropomyos in  from 
ac tomyos in  (crysta l l ized myos in  
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shed twico bv s t i r r ing with  ice cc 
tshing, the mincod musclo was iln 
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:. The  c o n c e n t r a t i o n  dependence  of the  Fig.  2. The  o 
Lc v i scos i ty  of a c t o t r o p o m y o s i n  from non- specific viscosil  
t u te rus .  I. Once p r e c i p i t a t e d  ac to t ropo-  u terus .  I. One 
n. I I .  Twice  p r e c i p i t a t e d  ac to t ropomyos in .  
o t t ed  curve  shows the  v i scos i ty  a f te r  addi -  do t t ed  cu rve  ~, 

t ion  of ATP.  

['he concentration dependence of the specific viscosity 
s was often less than that of non-gravid uterus. I t  w 
as. A reprecipitation of the actotropomyosin lowered 
;ravid case. The viscosity after ATP had been added 
case (Fig. 2). Moreover, when treated with ATP, t t  

7 between once and twice precipitated actotropomyosi 
pitated uterus behaves as actotropomyosin from nc 
the viscosity shows a certain drop but then slowly ir 

'eached its original value again. Twice precipitated 
[rop in viscosity when ATP is added, but the viscosity 

i~tttutt vvo.a llltik.tl iuviEi Llltltl ill t l  

there is some difference in vi 
osin from pregnant uterus. On 
normal uterus. On addition 
increases and after some hou 

actotropomyosin also shot 
does not rise again with tim 

Cone. A T P  After 
20 hours 

0.82 
o.97 
o.45 
o.35 

actotropomyosin was precipitated four times. The solutk 
t did not respond at all to the addition of ATP. 
leasurements were made on once and twice precipitat( 
d uterus using 0.4 M KC1 + o.I M K-phosphate, pH 7, 
mewhat polydisperse. In both cases three main componen 
ies u = 7.7 × ,  4 ×,  and 2.8 × lO -5. The greatest peak w 
,out 4" lO-5. The mobility of this component was not qui 

cosity 
precil~ 
ATP, 
has reached 
this dro' 

"Actotropomyosin'" Precipitations 

non-g rav id  z 

u te rus  2 
g rav id  i 

u te rus  2 

In one experiment the actotro 
then had a low viscosity and 

Some electrophoretic measurer 
actotropomyosin from gravid 
buffer. The solutions were somewhat 
were visible with the mobilities 
that with the mobility of about 
constant in separate experiments. 
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= J , , , , , f i r f _ i  J ¢ f t T r 

4, ,~2 2 0  2 ~  J #  ,44 5 2  60 6B C ' ' 

• S a l t i n g - o u t  c u r v e  o f  t h e  s u p e r n a t a n t  a f t e r  p r e c i p i t a t i o n  of  
:he s a l t  e x t r a c t  ( n o n - g r a v i d  u t e r u s ) .  S = t h e  e x t i n c t i o n  a t  

i o o .  C = p e r  c e n t  in  v o l u m e  of  s a t u r a t e d  a m m o n i u m  s u l p h a t  
T i m e  f o r  e q u i l i b r i u m  18 h o u r s .  A S / f l C  = t h e  d e r i v e (  

n a diagram the extinction was plotted against the 
ate. Also the differential extinction as a function of 
[. The latter diagrams are also given in Figs. 3, 6 an( 
7he measurements have been performed in steps of t 
)nium sulphate. It  should be noticed that many more 
;cover small components. The tedious work of findil 
performed here" the work has been directed only to 
?he precipitating ranges of the different structural r 
lrements on the different substances prepared are as 
urated ammonium sulphate the actins precipitate, t 

concen[ranon oi ammonlu 
concentration has been con 

and 7. 
two per cent of the saturat~ 
determinations are necessal 

~ting such components has n~ 
towards the main component 

main proteins found in oth~ 
follows: In the range 9-2o c 

Between 28-32% actomyosi 
;e 33-45% the myosin components precipitate. Betwee 
as which we have called the phosphate absorbing protei~ 
:he tropomyosin components precipitate. Between 64-7 o~ 
:es and above 70% nucleoproteins and nucleic acid remail 

ilution of a salt extract prepared as described above, tk 
[. The remaining proteins in the solution were first precip 
solved again in the buffer and dialyzed against this befm 
agram of the analysis is given in Fig. 3. The diagram shou 
relatively large amount of actin. Certain amounts of a 
also appear. The ultraviolet absorption of the substanc( 
above 7 ° % saturated ammonium sulphate was fairly higt 
a diagram and the one from an F-actin solution prepare 

puted. 
The 

a m m (  

to discover 
been 

Th 
measur, 
of saturated 
precipitates and in the range 
45-55% a protein precipitates 

O /  In the next range, 55-64/o, the 
nucleotropomyosin precipitates 

Salting-out curves (non-gravid uterus) 

After precipitation by dilution 
supernatant was investigated. 
tated at pH 4.6 and then dissolved 
the salting-out analysis. A dia 
that the solution contains a 
the other structural proteins 
remaining in the supernatant 
The difference between such 
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the protein composition of the sol 
ut with tile technique of DERRIEN 

d a g a i n s t  a b u r r e r  s o l u t i o n  (0. 5 M KC1 
)11 o f  p r o t e i n  in t h e  s o l u t i o n  w a s  m e a  
g p e r  ml .  
:' s o l u t i o n  w a s  p r e p a r e d  c o n t a i n i n g  t h e  
m m o n i u m  s u l p h a t e  a n d  b u f f e r  s o l u t i o  
t a u n t s  of  a m m o n i u m  s u l p h a t e .  E v e r y  
in  s o l u t i o n  w a s  a d d e d  a n d  t h e  m i x t u r e  
w e r e  t h e n  f i l t e r e d  a n d  t o  5 m l  of  e a c h  

a t u r e  w a s  a l l o w e d  t o  r i se  t o  r o o m  t e m p  
a n d  278  ml~. 

z ~ ¢  

@ 40 2d J 2  4 0  
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ion at 26o m/~ was higher than  tha t  at  275 m/~, 
1 points to nucleoproteins. These precipi tated 
in the range 45-52%.  This type  of sal t ing-out  
seems to be characterist ic for the actotropo-  

in. More pronounced curves of the same type  
Fig. 

obtained in the gravid case. trop 
gray  

tigations on gravid uterus muscle 

~fter precipitat ion by  dilution, the superna tan t  was:  
the same t r ea tmen t  previously described. F rom the 
30% of the extinct ion at 275 m/~ is due to the materi 
g-out  curve did not  show any great  differences fro: 
d case except tha t  the material  remaining in soluti 
um sulphate was less than half of tha t  in the non-gr~ 
['he supernatant  from twice precipi tated actotropom! 
n t s  of actin and myosin were obtained and a great  a 
amounts  of the substance precipitat ing between 45- 

somtlon aIter  7070 saturatect ar 
ravid case. 
yosin was investigated. Sm~ 

amount  of t ropomyosins.  A1 
45-52% appeared (Fig. 5). 

c ~. f2 20 2 8  ~ ~ ~ 2  6 0  6 8  C 

l p e r n a t a n t  f rom twice p rec ip i t a ted  a c t o t r o p o m y o s i n  (gravid u t e ru  

~¢ice precipi tated and redissolved was t reated with AT 
ay. The salt ing-out curves showed certain irregularities 
dn from the non-gravid uterus. I t  was, however, clear th 

t ropomyosins,  and the phosphate-absorbing protein. 
on from twice precipi tated ac to t ropomyosin  was reinvesl 
a was observed as before. The viscosity dropped when A'I 
again. But  if, after  the lapse of 24 hours, more ATP w 

t a little more. Evident ly  a small par t  of the substanc 
:omplex. 

The 
amounts  
small 

Fig. 5. Sa l t i ng -ou t  cu rve  of t he  su  

The ac to t ropomyosin  twice 
which was then dialyzed away. 
in the case of ac to t ropomyosm 
the solution contained actin, 

The viscosity of a solution 
gated. The same phenomenon 
was added and did not  rise 
added  the viscosity dropped 
was still able to reform the com" 
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only a minu te  amoun t  
the  curve,  the sohl t ion ( 

; '2'a '2'a ';~ ' L '  ~ 6'o ' ; ,  ' c' of the  t ropomyos ins  an( 

6. Salting-out curve of acto- 
~myosin. Once precipitated An analys is  has  als( 
dd uterus); conditions as in 

pa r t s  of the  ac to t roporr  Fig. 3. 
a d d e d  and  the ac t in  

rifuge. The s u p e r n a t a n t  was d ia lyzed  and  a s a l t i ng<  
,e showed s imilar i t ies  to  t ha t  of the  s u p e r n a t a n t  froli  
)sin bu t  more  of the  phospha te  absorb ing  p ro te in  wa: 
Quan t i t a t i ve  d a t a  for the  different  componen t s  cann, 

lout knowledge of the  specific ex t inc t ion  of the  diffe 
son be tween  the  different  curves can be made.  E~ 
rmine d i rec t ly  the  amoun t  of the  different  compone 
r. P re l iminar i ly  i t  can be s t a t ed  t ha t  abou t  4o% of 
20-25 % t ropomyos in .  The remain ing  ma te r i a l  consi~ 
ein, nucleic acid  and  some myosin.  

~ ,xper lmenrs  are m progress 
~onents and  these will be repor  

of the  ac to t ropomyos in  is ac 
consists  of the  phospha t e - abso rb  

! 60 1~8 C 
a ~e 2~ ~2 4~ 48 5e 6~ r2c 

extract from gravid uterus where no actotropomyosin precipitat 

W t h a t  there  mus t  be grea t  s t ruc tu ra l  differences betw( 
des  (even if no new s t ruc tu ra l  pro te ins  occur). An in teres t  
:per iments  is t h a t  the  ac t in  in the  u te rus  muscle  can be ( 
~vid case, a f t e r  an 18 hours  sa l t  ex t rac t ion ,  no ac t in  co~ 
iuble res idue b y  the  m e t h o d  of STRAUB, ind ica t ing  t h a t  

later 
and 
protein, 

/ 2  2a 28  5~  ~ 5 2  

Fig. 7. Salting-out curve of salt extract 

Our invest igat ions  show 
the uterus and skeletal  musc les  
feature in the extract ion ex  
so lved so easily.  In the gravid 
be obtained from the insoluble 
the actin had gone into solution. 
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tancc  d i s in tegra t ing  dur ing  the sa 
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\'~,ry pronounced.  Small  amoral1 
myosin  pr~'cipitat ing dur ing the 
be distii~guished as i r regular i t ie  
where the  p rec ip i ta t ion  of these 
pec ted  (Fig. 6). 

An ex t r ac t  of g rav id  u te rus  
where no substance  p rec ip i t a t ed  
from the sa l t ing-out  curve,  onl 2 
curve was obta ined .  E v i d e n t l y  t 

of the  c( 
conta ined  

and  also the  
p ro te in  (Fig. 7). 
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actile element of the uterus muscle. Since it contain 
tropomyosins we have called it actotropomyosin. 
?he existence of actotropomyosin is supported by di 
"entrifuge 5 it has been observed to sediment as rapi, 
ion of ATP to a solution of the actotropomyosin, 
a polydisperse substance sedimenting with about tl~ 

cial with a lower sedimentation constant than myosii 
glectrophoretic investigations 2 performed on homogen 
.' the presence of a dominating component with a 
r than that  of actomyosin. This component is still mo 
,.sis diagram of the once precipitated substance. Most 
ities than the complex disappears. 
)ur salting-out curves show that  there is a substa 
lyosins which gradually disintegrates at higher ionic 

precipitate again at still higher ammonium sulpha 
non does not occur in solutions where the complex i,. 
:art of the experiment, in which cases proper salting- 
?he actotropomyosin seems hitherto to have been confl 
many  respects it behaves similarly to this protein. 
[e the similarities and dissimilarities between the t~ 
ssion refers to the actotropomyosin from the gravid cc 

substance precipitating betore tt  
strength releasing substanc~ 

)hate concentrations. This ph 
is totally disintegrated befol 
-out curves are obtained. 

been confused with actomyosin becau., 
We want, therefore, to stre 

two substances. The followir 
corpus muscle, since this seen 

~cipitates from salt solutions as actomyosin but at a slight] 
.~n with a heavy loss of material. 
)sin in the possibility of making threads of it which ca 
• Threads of actotropomyosin seem able to respond to AT 
myosin. Actotropomyosin responds to ATP in salt solutioi 

which after a certain t ime increases again• A differen( 
The viscosity drops to a lower value for actotropomyosi 
as in the case of the actomyosin. 
unstable when it is precipitated by dilution from a sa 
and redissolved it reacts with ATP with a drop of t~ 

oes not rise appreciably again, indicating a loss of part  ( 
seems, however, to recover since on addition of ATP agai 
ours, the viscosity drops still more. 
the material left in solution after reprecipitation of t t  

which 
nomenon 
the start  

The actotro  
in so 
a little 
discussion refers 
to be the purest preparation. 

The actotropomyosin precl 
higher dilution and very often 

I t  is similar to actomyosm 
contract when ATP is added. 
as effectively as those of actom, 
with a drop of the viscosity 
can, however,  be observed. The 
at the same protein content 

The actotropomyosin is 
:solution. Twice precipitated 
viscosity but  the viscosity does 
the structure. A smaller part  
to such a solution after 20 hours 

Salting-out analyses of 
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performed with skeletal muscle al: 
,vever, a solution was obtained col 
fore 24% saturation of ammonim 

md actomyosin (5%)• Very much 
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In investigations not reported here, using small am 
Lre the phosphate-absorbing protein in a free state, 
pitates between 45 and 52% saturated ammonium sl 

from ATP but not from orthophosphate. I t  shows a 
[ty during the first hours after the preparation from 
aed that the phosphatase uptake is due to a residue 
o takes part in a deaminating process, in these respe 
otropomyosin does not show any enzymic properties 
in probably holds the other protein in a certain sta 
)hatase activity. 
?inally, we will point to some differences of the n 
[e. In the electrophoretic work performed on homoge 
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in the 
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and in the gravid case it can 
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simetrically calculated. This probably depends on th( 
' pure. A much higher value is obtained from the el 

homogenates. Evidently this depends on ano the r ,  
[ering with the measurements.  In  the gravid case only 
in precipitates. A reprecipitation of the complex cause 
at, on account of the instability of the complex, sucl 
Fhe tropomyosin occurs in both cross-striated and , 
s out to a small extent  when actin is prepared accord 
may draw the conclusion that  the tropomyosin reall 
m in all kinds of muscle. The fact that  the reacti~ 
'ved before probably depends upon the complex bein~ 
cts behaving in the same manner  as actomyosin. 
dex described have been overlooked. 
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ppears  in the solution and also free actin is found. 
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:esult is obtained by  an invest igation of the  mater ia l  disintegrati  
ld precipi ta t ing at  higher  salt concentrat ions.  
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n", de la t ropomyosine  et de l 'acide ribonucldique. L 'dtude du 
ibles concentra t ions  de sulfate d ' a m m o n i u m  et reprdcipite 
tit aux m~mes r6sultats.  
Les au teurs  supposen t  que l ' ac to t ropomyosine  renferme de 
ne" et de la t ropomyos ine  nucldique. Ces deux derniers c~ 
onnan t  comme la myosine.  La  "phospha te -absorb ing  protein  
luand  elle fair part ie  du complexe. 
Les extract ions  de l 'u tdrus  normal  et de l 'ut~rus gravide p1 
tiscut6es. 

gs wurde  gezeigt, dass die kontrakt i len  Elemente  des Uter~ 
e der Skeletmuskeln haben.  Es k6nnen nu r  kleine Mengen lV 
n. Bei kurzen Salzextrakt ionen wird in der L6sung viel i 
21en. 
3ei lgngeren Salzextrakt ionen wird ein Acto t ropomyos in  gem 
en. Acto t ropomyos in  reagiert  mi t  ATP wie Actomyosin.  In  s~ 
be Ahnlichkeit  mi t  Actomyosin,  aber  es bes teh t  ein deutlic 
flexen. Bei der Wiederausf~illung zerf~illt der Komplex  teihv 

kussalzanalysen des Komplexes  zeigen, dass er bei niedriger 
it, aber  dabei zerf/illt. Ein  Teil davon geht  in L6sung und 

kussalzkurven des in L6sung verbliebenen Materials zeigen, 
berstehende Fliissigkeit ein Protein,  das Phospha t -absorb i  
myosine und Ribonucleinsgure enthglt .  Das gleiche Ergebn 
lit Ammonsu l f a t  zerfallenden und bei h6heren Salzkonzen 

£s wird angenommen,  dass das Acto t ropomyos in  Actin, Pho 

In  seinem allgemeinen Verhal ten zei 
deutlicher Unterschied zwischen beid 

teihveise und verliert  allmghlich sei 

en Salzkonzentrat ionen auszufall 
und fiillt bei h6heren Ammonsulf i  

en, dass nach der Wiederausf/illu 
)hat-absorbierendes Protein genannt  wur( 

ebnis wurde  bei einer Untersuchu  
Salzkonzentrat ionen ausfallenden Materia 

Phosphor-absorbierendes  Protein u 
beiden letzten Bestandteile bilden einen Komplex,  der wie Myos 

tde Protein besitzt, wenn es ein Tell vom Komplex  ist, die enzym 

mn den Ex t rak t ionen  aus normalen  und graviden Uterus  werd 
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