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I t  has occasionally been pointed out by cell physiologists 1-s that the thixotropy of 
the fibrous protein plays an important role in many physiological functions of proto- 
plasma, such as protoplasmic movement, chromosomal Iflovement in mitosis, and so 
on. However, the molecular mechanism of thixotropy of the fibrous protein has not yet 
been studied in detail. 

As indicated by  WEBER AND PORTZEHL 4 and othersS, 6, the solution of actomyosin, 
the main component of muscle structure proteins, behaves as a thixotropic sol even 
in such a low concentration as is used for ultracentrifugal and viscosimetrical 
studies. Therefore, as a further step towards the understanding of the physico- 
chemical properties of actomyosin solution, it is submitted that detailed investi- 
gation of its thixotropy merits considerable priority. Furthermore, since RIESER 7 
has recently established by his oil drop method that the muscle protoplasm is a 
concentrated protein sol but not a gel, a study of thixotropy of actomyosin sol may 
be expected to aid in elucidating the mechanism of contraction of living muscle. 

The dependence of the viscosity of actomyosin solution on the velocity gradient 
has been studied by EDSALL AND M E HL  s, the NEEDHAM group ~ and MOMMAERTS 1°, 

but little information is available on the molecular mechanism of the thixotropy of 
actomyosin sol. Therefore, in the present paper the viscosity, the intensity of flow 
birefringence and the rotary diffusion constant of actomyosin were measured over 
a wide range of the velocity gradient, with a view to obtaining information about 
the mechanism of the thixotropic behaviour of this protein. 

EXPERIMENTAL 
Materials 
Myosin  B (na tu ra l  ac tomyos in )  was  p repared  f rom rabbi t  skeletal  musc le  by  ex t r ac t i ng  for 24 h in 
Weber -Edsa l l  so lu t ion  and  purified by  r epea t ing  t he  di lut ion procedure  n th ree  t imes .  The  p ro te in  
solut ion was  s to red  a t  I °C  a n d  no t  used  for longer  t h a n  a two-week  period.  To r emove  d e n a t u r e d  
aggrega tes  of t he  p ro te in  t he  solut ion was  pas sed  t h r o u g h  a layer  of ab so rben t  cot ton,  j u s t  before 
using,  Adenos ine  t r i p h o s p h a t e  (ATP) was  p repa red  f rom fresh rabbi t  skeletal  musc le  by  Ke r r ' s  
m e t h o d  modif ied by  SZENT-GY6RGY111 and  used as a p o t a s s i u m  salt.  

Apparatus and procedures 
The  a p p a r a t u s  used  for t he  s t u d y  of t he  dependence  of t he  v iscos i ty  (r/), t h e  i n t ens i t y  of flow bire- 
f f ingence (z~n0), and  t he  r o t a r y  diffusion c o n s t a n t  (O) on t he  veloci ty  g rad ien t  (fl) was  cons t ruc ted  
according to  t he  s a m e  pr inciple  as t he  one used by  CONNER AND DONNELLY TM in the i r  s t u d y  of t h e  
flow bi ref r ingence  of concen t r a t ed  viscose solut ion.  Since t he  detai ls  of t he  a p p a r a t u s  will be repor t -  
ed elsewhere by  the  jun io r  a u t h o r  (H.M.), only  i ts  pr incipal  fea tures  are  p resen ted  in t he  following. 

The  sample  cell was a piece of glass  tub ing ,  38.3 cm in l eng th  and  1.2o m m  in inside radius ,  se t  
hor izon ta l ly  on t he  s tage  of a L e i t z - " P a n p h o t " .  The  p res su re  head  be tween  t he  two  ends  of t h e  
glass  t ube  was  ach ieved  b y  depress ing  p res su re  of a gas  reservoir ,  20 1 in volume,  and  i ts  va lue  w a s  
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m e a s u r e d  by  a m a n o m e t e r  w i t h  a ids  of a ca the tome te r .  A m e a n  va lue  (fl) of the  veloci ty  g rad ien t  
was ca lcula ted  f rom the  fo rmula  of KROEPELIN 13: 

8V 

7 =  3~r3 t 

where  V was  t he  vo lume  of t he  so lu t ion  flowing t h r o u g h  t he  sample  cell of r ad ius  r in t ime  t. T w o  
p l a t i n u m  wire e lect rodes  were f ixed a t  an  appropr ia t e  in te rva l  in a cyl indrical  glass vessel,  25 cm 
in l eng th  a n d  3 cm in d iameter ,  a t t a c h e d  to  t he  one end  of t he  s ample  cell. W h e n  t h e  KCI solut ion 
of m y o s i n  B con tac t ed  wi th  t he  t ip  of t he  electrode,  a condense r  began  to discharge.  By  recording 
t h e  t ime  of t h e  beg inn ing  of t h e  d ischarge  by  m e a n s  of an  e lec t romagne t ic  oscilloscope, V/t was  
de te rmined .  Re la t ive  v iscos i ty  (~rel) was  ca lcula ted  from t he  rat io  of t he  V/t  of the  KC1 solut ion 
to  t h a t  of t he  m y o s i n  B so lu t ion  a t  a fixed p ressured  head.  

Two Nicol p r i sms  of t h e  " P a n p h o t "  were crossed wi th  each o ther  wi th  the i r  axes  45 ° to t he  
g lass  tube .  Re la t ive  i n t ens i t y  of flow bi ref r ingence  was  ob ta ined  by  m e a s u r i n g  difference of in ten-  
si t ies of l igh t  pa s s ing  t h r o u g h  t he  sample  cell when  t he  so lu t ion  was  forced to flow and  w h e n  the  
flow was  s topped.  The  l ight  beam,  pas s ing  t h r o u g h  t he  " P a n p h o t "  and  t h e  sample  cell, was  received 
by  a pho tomul t ip l i e r  (RCA IP2I ) .  T he  o u t p u t  cu r r en t  of t he  pho tomul t ip l i e r  was  amplif ied wi th  
a br idge circui t  con ta in ing  two  power-ampl i f ier  t u b e s  6BQ5 (Matsushi ta)  a n d  was  recorded on an  
e lec t romagne t ic  osci l logram (YEW,  6 elements)  wi th  H - t y p e  v ibra tor .  W h e n  t he  i n t ens i t y  of 
b i refr ingence was  low, a preampl i f ier  employ ing  a t ube  I 2 A X 7  was  also used.  To m a k e  t he  l ight  
b e a m  pass ing  t h o u g h  t he  sample  cell a p p r o x i m a t e l y  paral lel  and  to e l imina te  sca t te r ing  f rom the  
surfaces  of t he  lenses,  t he  condenser  lenses a n d  severa l  opt ical  lenses of t he  " P a n p h o t "  were 

t aken  off. 
W h e n  t he  flow of m y o s i n  B so lu t ion  was  sudden l y  s topped  by  a spr ing- loaded  knife  valve ,  

t he  birefr ingence,  and  c o n s e q u e n t l y  t he  cu r r en t  f rom t he  pho to tube ,  decreased in a m a n n e r  
d e t e r m i n e d  by  t h e  BENOIT equat ionl4 :  

An = A n  o e -6Or 

where  A n  is t he  i n t ens i t y  of flow bi ref r ingence  a t  t i me  t af ter  t he  s top  of t he  flow a n d  O is t he  ro t a ry  
diffusion cons t an t .  The  lower l imi t  of t h e  t i me  c o n s t a n t  of our  a p p a r a t u s  was  a b o u t  0.5 msec.  By  
p u t t i n g  a glass  bot t le ,  in wh ich  m y o s i n  B so lu t ion  was  reserved,  into a t h e r m o s t a t ,  t h e  t e m p e r a t u r e  

of t he  s ample  was  kep t  a t  20 ° :h o.I °C. 
Sed imen ta t i on  s tud ies  were pe r fo rmed  wi th  a Spinco model  E u l t r acen t r i fuge  a t  I6°C  a t  

59,780 r .p .m.  Concen t r a t i on  of KC1 of m y o s i n  B so lu t ion  was  de t e rmined  b y  m e a s u r i n g  electrical 
c o n d u c t i v i t y  of t h e  solut ion,  p H  was  m e a s u r e d  by  a B e c k m a n  G- type  p H  meter .  The  con ten t  of  
p ro te in  was  ca lcula ted  by  mu l t i p l y i ng  by  a fac tor  of 6 t he  n i t rogen  con t en t  de t e rmined  by  t h e  

mic ro -Kje ldah l  me thod .  

RESULTS 

Ultracentri/ugal study 
The 24 h myosin B behaved polydispersedly, and two major peaks and one minor peak 
were revealed in its sedimentation pattern. Sedimentation constants at I6°C in 0.5 
M KC1 and o.I M phosphates (pH 7.0) solution of 2 mg protein/ml were about 4.8 and 
29 for the two main peaks and about 34 Svedberg units for the minor peak, respectively. 
The sedimentation constant 4.8 might be that of pure myosin. 

Rotary di~usion at higher protein concentration 
In Fig. i are drawn the dependence on ~ of ~rei, An0 and O of o.55 M KC1 solution of 
myosin B at the protein concentration of 5.94 mg/ml. */tel decreased remarkably with 
increase of fl, as observed already by EDSALL AND MEHL 8 and others 9,10. 

At low ~, the relation log An - -  t was not given as a linear one (Fig. 2) ; that is, 
myosin B behaved polydispersedly with respect to rotary diffusion, showing good 
correspondence with the results of ultracentrifugation. For example, at fl 17.45 and 
335 sec-1, 0 distributed over wide ranges of o . I -I  and i-IO sec -1, respectively. In 
spite of the polydispersity, the greatest part of the curve was approximated by a 
single value of ~9. Accordingly, in the range of polydispersity, the best single value of 

~9 was plotted in Fig. I. 
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At the higher velocity gradients, the polydispersity of the rotation decreased and 
a single value of 0 prevailed. Where fl was higher than I,OOO sec -1, the logarithmic 
decrease of flow birefringence was observed rather completely (Fig. 3)- The rotary 
diffusion constant increased with increase of/~, particularly in the range of IOO-I,OOO 
sec -1, and when fl was higher than 1,5oo sec -1 it approached to a constant value (about 
20 sec-1). As given in Table I, the preparation-to-preparation variability of ~ at 
sufficiently high fl was not evident. 

I t  is remarkable to note that  when/~-was higher than 1,5oo sec -1, An o rose con- 
spicuously with the increase of fl (for example, An o at fl 12,5oo sec -1 was 4 times as 
high as at /~ 335 sec-l), while in the range of low/~, it was almost independent of/~. 

Effect o/repeating flow 

When myosin B solution was once subjected to a high shear stress, its rheological 
properties were altered considerably. Within I min after the subjection to high 
(about IO,OOO sec-1), the relation A n - -  t at low fl appeared to be more logarithmic, 
though imperfect, than that  of the original solution. However, the discrepancy of 
the relation An - -  t from a logarithmic curve and the decrease of 0 became apparent  
with time, that  is, 0 at t~ 230 sec -x decreased from 1,2 to 0.6 sec -1 during 15 min 
after the subjection to the high shearing stress. I t  is to be noted that  An o of the 
solution once forced to flow through the capillary with high shearing stress was con- 
siderably greater than the original one, i.e., its A n o value at fl 23 ° sec -~ was found 
to be 40% greater than the original one. 

Rotary diBusion at lower protein concentration 

When the protein concentration was 1.5 mg/ml, 0 rose with increase of r ,  though not 
so remarkably as in the case of the higher protein concentration, and at higher gradients 
it approached to a constant value which is almost equal to that  of the higher 
protein concentration (13-18 see-X). As in the case of the high protein concentration, 
over a higher range of r ,  A n o increased with increment of r* (Fig. 4). 

Influence o/ionic strength 

When KC1 concentration increased to 2.34 M, the relaxation time of birefringence 
was observed to be shorter than 18 msec (8 > IO sec -1) even' in low range of 
( <  I,OOO s e e - l ) .  

Influence o~ adenosine triphosphate 

In one experiment, I . I  m M  ATP and 1. 5 m M  Mg++** were added to myosin B 
solution (1.5 mg/ml), and the relaxation of flow birefringence was observed at high 
shearing stress, but it was too fast to be followed by  the present apparatus. This 
means that  in the presence of ATP ~ should be larger than IOO sec -1. 

* In  the case of high protein  concentrat ion the turbulence of the  flow could be neglected 
over  all ~ employed, whereas  in the  case of low concentrat ion it could not  be neglected when 
became higher t han  4,ooo sec -1. Therefore, in the  case of low protein  concentrat ion and high ~, 
the  relation b e t w e e n / I  n o and ~ could not  be accurately measured.  

** The addition of 1. 5 m M  Mg ++ to o.6 M KC1 solution of "ac tomyos in"  has  no effect on the 
rheological propert ies  of the solution 9. 
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Fig. I. Dependence  on g rad ien t  (fl) of specific 
v iscos i ty  ( ~ r e l - - I ) ,  flow birefr ingence (A%) 
a n d  r o t a r y  diffusion c o n s t a n t  ((~) a t  h igh  pro-  
te in  concen t r a t ion ;  o.55 M KC1, p H  6. 3, 2o°C, 

m y o s i n  B 5.94 mg/ml .  
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Fig. 3. Re l axa t i on  of flow bi ref r ingence  a t  h igh  
gradient ,  ca lcula ted  f rom t he  uppe r  oscillo- 
g ram.  Veloci ty  g rad ien t  5,23o sec -1. Exper i -  

m e n t a l  d a t a  as in Fig. i .  
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Fig. 2. R e l a x a t i o n  of flow bi ref r ingence  a t  low 
gradient ,  0 ,  ve loc i ty  g rad ien t  17.45 sec-1; 
O ,  veloci ty  g rad ien t  335 sec-X. E x p e r i m e n t a l  

d a t a  as in Fig. i .  
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Fig. 4. Dependence on gradient (/5) of specific 
viscosi ty  ( ~ r e l - - I ) ,  flOW birefr ingence IAno) 
and  r o t a r y  diffusion c o n s t a n t  (O) a t  low pro te in  
concent ra t ion .  0.6 M KC1, p H  6.7, 2o°C, myo-  
sin B 1.5 mg]ml .  W h e n  ~ was  h igher  t h a n  
4 , o o o  sec -1, i ts  va lue  was  r a the r  i naccura t e  

because  of t u rbu lence  of flow. 

T A B L E  I 

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

PrepavaHo~ Come~ra, tf~on 
(mira) 

Comli~&z,t 

pH KCI (M) Temp. (see-9 (s~-') 

No. I 6 6. 3 0.6 2o (6,000) 29.0 

No. 2 5.94 6.3 0.55 2o 1,5o8 17.6 
5,23 ° 20.8 

No. 3 1.5 6. 7 0.6 20 (7,480) 13 
(I1,8oo) z8 
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DISCUSSION 

One of the principal points of interest in the present study is that even in low 
concentration the rotary diffusion constant of myosin B increases with increment 
of gradient. JoLY 1~ has already deduced the increase of ~ of gelatine sol at higher 
shear stresses, indirectly from his flow birefringence method. Furthermore, it was 
observed that ~ of the solution of higher protein concentration depends on ~ more 
pronouncedly than that of the solution of lower concentration and that O at sufficiently 
high ~ shows a constant value independent of ~ and protein concentration. Thus, we may 
conclude that a kind of network is built up in actomyosin solution by the interferences 
between elementary particles of a constant length (see below) and this network is 
easily broken by velocity gradient. This conclusion may be supported also by the 
observation TM that the higher the protein concentration, the smaller the sedimentation 
constant obtained. The interferences may be of electrostatic nature, since they are 
broken, as stated above, by increasing ionic strength of the solution. 

As described above, the rheological properties of myosin B solution changed 
gradually during several minutes after subjection to high shear,stress. Therefore it 
appears probable that the re-formation of the network once broken by gradient is 
not accomplished instantly but proceeds gradually. The observation made by JAISLE 17, 
that the viscosity of concentrated actomyosin solution decreases to a definite value by 
repeating the passage through a capillary, would lend support to this deduction. 

The length of the constituent elementary particles of myosin B can be estimated 
from the value of ~ at sufficiently high/~. Using the PERRIN equation TM 

3kT ( - - i  l n ? )  O = ~  + 2  - -  

and taking the axial ratio a/b as lOO TM and the viscosity of solvent ~/o as 9.9 millip °ises~°, 
we obtain for the molecular length 8,6OO-lO, lOO A for rigid elongated ellipsoid*. In 
magnitude these agree satisfactorily with results from light scattering ~, 21, which show 
a distribution of lengths of the order of 5,000 to 6,500 A. 

The non-Newtonian character of viscosity is generally attributed to orientation 
of the particles and breaking of the interparticular entanglements. As shown in 
Table II,  over the range of gradients employed, the ratio ~/O was extremely large 
and the orientation factor (/) of myosin B particles was almost independent of 
gradients. Accordingly the decrease of viscosity of myosin B with increase of ~ should 
be attributed to the GOODEVE mechanism 23, i .e. ,  the breaking of the network. 

VON MURALT AND EDSALL 24 have found that the increase in A n  o of "actomyosin" 
continues in that range of fl where the angle of isocline is already constant. In the 
present study A n  o was measured over much higher range of gradients and it was found 
that An 0 of myosin B solution of both low and high concentrations exhibits an increase 
of 4-5 fold when ~increases from I,OOO to IO,OOO sec -1. One possible mechanism of the 
increase of An 0 is the polydispersity of the system. If the system is polydisperse, the 

* As is well known, myosin B preparation contains pure myosin and disaggregated actomyosin 
as well. Therefore r/0 must be higher than tha t  of the KC1 solution. The myosin B particle is, as will 
be described below, somewhat flexible, and its shape may be somewhat complicated. Consequently, 
the true length is possibly shorter than the one given above. If the solute were made up of 
elongated ellipsoids 8,6OO-lO, I oo A in length, in o.6 % solution the particles could not rotate freely, 
and O at sufficiently high ~ would be strongly dependent on the concentration. 
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T A B L E  I I  

ORIENTATION FACTOR AND INTENSITY OF FLOW BIREFRINGENCE 

o . 5 5 M  KC1, p H  6 .2 -6 .  3, 2o°C,  5.94 m g / m l  

(se*-') o (s~-') ~/o I* a,o 

17.45 o.43 41 o.56 1.2 
53-3 o.65 83 o.65 i -3 

335 2.15 156 o.68 i .25 
I,O83 14.5 75 0.63 i .6 
1,5o8 17.6 9 ° 0.65 2.1 
5,23o 20.8 251 0.72 4.6 

12,500 - -  - -  - -  6.1 

* Orientat ion factors  were  e s t imated  from the  table  of SCHERAGA, EDSALL AND GADD 21 for 
ex tremely  e longated ellipsoid. In the  present  s t u d y  ~ and @ in low gradients  are g iven as average 
values .  Moreover, the  factors  computed  by  t h e m  apply  to a rotor- type  f low birefringence apparatus  
where  the  l ight  enters  in a direct ion perpendicular  to  the  ve loc i ty  gradient,  and this  condi t ion  is no t  
satisfied in our exper iments .  Therefore,  the  or ienta t ion  factors  g iven above  m u s t  be considered 
as rough est imates .  

longer particles will be oriented more easily at lower ~ and, as ~ increases, the shorter 
particles become oriented. But, since myosin B behaved monodispersedly in the range 
of fl higher than I,OOO sec -1, this possibility may be excluded*. As is well known 16, the 
intensity of flow birefringence of a monodisperse system is given by the following 
equation: 

An ° = 2~_~ (gl - -  g~)'! 
n o 

where ¢ is the volume fraction of the solute particles, n o is the refractive index of the 
solvent, and / and g l - - g ~  are the orientation and the optical factors, respectively. As 
indicated in Table II, the orientation factors were almost constant. Consequently, it 
may be concluded that the optical factor is increased several times on subjection to 
higher shearing stresses. It would appear then that myosin B particles are somewhat 
flexible and the orientation of polypeptide chains in the particles are improved by 
shearing stress. It is also interesting to note that the increase of the optical factor by 
shearing stress seems to be of more or less enduring character, since, as previously 
mentioned, the increase of A n o was preserved to some extent even several scores of 
minutes after removal of high gradient**. 

It is a well established fact 4 that viscosity, sedimentation constant, intensity of 
flow birefringence, and intensity of scattered light of actomyosin solution are decreased 
by the addition of ATP. In spite of extensive investigations of many workers, it re- 
mains to be determined whether ATP dissociates actomyosin into actin and myosin or 
not. As pointed out by several investigators 5,s, one of the reasons that makes this 
problem difficult to solve lies in the fact that even at low protein concentration acto- 
myosin sol is thixotropic. As previously described, ATP increases remarkably the 

* As prev ious ly  ment ioned,  our m y o s i n  B samples  contained pure myos in .  B u t  in our experi-  
m e n t s  the  contr ibut ion  of m y o s i n  to A n  o m i g h t  be negligible, because  its content  was  lower t h a n  the  
one of a c t o m y o s i n  and its  or ientat ion  factor was  lower t h a n  o.I 4 (est imated from the  table  by  
SCHERAGA 8t al f l  t2, t ak ing  its molecular  length  as 1,6oo AaS). 

** As, in the  range of  h igh ~, the  re laxat ion  of An  0 is g iven as a logar i thmic  curve  and the  
re laxat ion  t i m e  is a lmost  cons tan t  regardless of "whether A no is increased b y  shearing stress or not,  
i t  m a y  be deduced t h a t  the  re laxat ion  t ime  of the  de format ion  is longer t h a n  2o msec.  
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rotary diffusion constant at high shearing stress and low protein concentration where 
thixotropy may be negligible, that is, the rotation of the elementary particles is 
accelerated by the addition of ATP. This observation is compatible with the view 
that ATP dissociates actomyosin into actin and myosin. This, however, does not 
exclude the view proposed by BLUM AND MORALES e that ATP elongates actomyosin 
without changing its molecular weight, because our results can also be explained if 
by addition of ATP the structure of myosin B particles becomes so loose that they 
are disaggregated when subjected to shearing stress. 
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S U M M A R Y  

I. The  viscosi ty ,  t he  i n t ens i t y  of flow birefr ingence,  a n d  t he  ro t a ry  diffusion c o n s t a n t  of  
m y o s i n  B, p repa red  f rom rabb i t  skeletal  muscle ,  were inves t iga ted  over  a wide range  of t he  ve loc i ty  
g rad ien t  (17-12,5oo see- l ) .  The  following resu l t s  were ob ta ined .  

2. The  v iscos i ty  decreased wi th  increase  of t he  gradient .  
3. A t  low g rad i en t  m y o s i n  B par t ic les  behaved  polydispersed ly  wi th  respec t  to t h e  r o t a r y  

diffusion, while a t  h igh  g rad ien t  t h e y  were monodisperse .  The  ro t a ry  diffusion c o n s t a n t  increased 
wi th  i nc r emen t  of t he  gradient ,  and  a t  suff icient ly h igh  g rad ien t  it  was  a c o n s t a n t  va lue  (ca. 2o 
sec-1), i n d e p e n d e n t  of g rad ien t  and  t he  p ro te in  concent ra t ion .  

4. The  l eng th  of t he  equ iva l en t  e longated  ellipsoid ca lcu la ted  f rom the  r o t a r y  diffusion 
c o n s t a n t  a t  suff ic ient ly  h igh  g rad ien t  was  8,6OO-lO, lOO A, in sa t i s fac to ry  a g r e e m e n t  wi th  r e su l t s  
ob ta ined  f rom l ight  sca t te r ing .  

5. A t  a low range  of g rad ien t  ( <  i ,ooo sec -1) t he  i n t e n s i t y  of flow birefr ingence was  a lmos t  
i n d e p e n d e n t  of gradient ,  while a t  g rad ien t  ~ 5 , o o o  sec -1 it  was  a b o u t  4 t imes  as large as t h a t  
a t  g rad ien t  ~ I ,OOO sec -1. 

6. If  t he  p ro te in  so lu t ion  were once sub jec ted  to a h igh  gradient ,  t h e  i n t ens i t y  of flow 
bi ref r ingence  obse rved  a t  low g rad i en t  was  cons ide rab ly  h ighe r  t h a n  t he  original  value.  

7. I n  h igh  KC1 solut ion,  t he  r o t a r y  diffusion c o n s t a n t  was  observed  to  be h igher  t h a n  
IO sec -1 even  a t  a low range  of gradient .  

8. Consequen t ly ,  i t  was  concluded  t h a t  a n e t w o r k  is bu i l t  up  by  t h e  e lec t ros ta t ic  in te r -  
ferences  of t he  c o n s t i t u e n t  e l e m e n t a r y  par t ic les  wi th  each o the r  and  t h e  e n t a n g l e m e n t s  are  b roken  
more  and  more  as t he  g rad ien t  increases,  t h a t  t he  l eng th  of t he  e l e m e n t a r y  par t ic les  is a l m o s t  
cons t an t ,  a n d  t h a t  t he  o r i en ta t ion  of po lypep t ide  cha ins  in these  par t ic les  is improved  by  h igh  
shea r ing  s tress .  

9. The  r o t a r y  diffusion c o n s t a n t  a t  h igh  shea r ing  s t ress  increased r e m a r k a b l y  on t he  additior~ 
of ATP.  The  molecu la r  m e c h a n i s m  of th i s  effect was  briefly discussed.  
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INTRODUCTION 

Profound changes in the composition and structure of the human myometrium have 
been shown to take place under the influence of ovarian hormones 1, 2. The glycogen- 
content, especially, exhibits an impressive increase in connection with horrnonally 
induced growth of this tissue. Thus, it could be demonstrated that the amount of 
glycogen per tissue unit '** is increased about 50 times in a pregnant uterus at term as 
compared with the value found in a post-menopausal uterus 2. 

It  may be postulated that the hormone-induced changes in the myometrial 
glycogen-content are mediated by a series of enzyme systems, and that the action of 
substances which regulate cellular metabolism may be elucidated by  studying their 
effect on these systems. This paper reports some investigations on the phosphorylase 

* This invest igation has  been suppor ted  by  a grant  f rom Stiftetsen Therese och Johan  Anders- 
sons  Minne. 

** The abbrevia t ions  or contract ions used in the  paper  include AMP, adenosine-5 ' -phosphate;  
D N A P ,  deoxypentose  nucleic acid-phosphorus;  EDTA,  ethylenediaminetretaacetate .  

*** The expression " t issue un i t "  is used in the  sense of a statist ical uni t  and implies the  average 
a m o u n t  of extracellular and intracellular tissue per  nucleus. For  fur ther  explanation,  see BRODY 1. 
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