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S U M M A R Y  

Effects  of d i o x a n e  a n d  p - c h l o r o m e r c u r i b e n z o a t e  (PCMB) on the  o p t i c a l - r o t a t o r y  
d i spers ion  of m y o s i n  A were  m e a s u r e d  in 0.6 M KCI a t  p H  7.0 a n d  c o m p a r e d  wi th  
those  on t h e  A T P a s e  ac t iv i ty .  T h e  a-hel ical  c o n t e n t  of myos in  A e s t i m a t e d  f rom t h e  
b 0 t e r m  of t h e  MOFFI'rT--YA:~G plot  was  5 7 - 6 1 % .  On a d d i n g  8 - i o  vo lume  pe rcen t  of 
d ioxane ,  increase  in t h e  helical  c o n t e n t  by  severa l  p e r c e n t  a n d  p r o n o u n c e d  a c t i v a t i o n  
of A T P a s e  were  f i rs t ly  obse rved  a n d  were fol lowed b y  g r a d u a l  decreases  in t h e  helical 
c o n t e n t  a n d  t h e  A T P a s e  ac t iv i ty .  2 h a f te r  t h e  add i t i on  of d ioxane ,  t h e  hel ical  c o n t e n t  
dec reased  o n l y  by  a few percen t ,  while  t h e  A T P a s e  a c t i v i t y  d i s a p p e a r e d  comple te ly .  
I m m e d i a t e l y  a f t e r  t he  add i t i on  of d ioxane ,  specific r o t a t o r y  power  a t  50o0 A showed  
its m a x i m u m  a t  a b o u t  i o %  of d i o x a n e  in a c c o r d a n c e  w i t h  t h e  a c t i v a t i o n  of ATPase .  
T h e  hel ical  c o n t e n t  of t h e  a l k a l i n e - i n a c t i v a t e d  m y o s i n  A, however ,  r e m a i n e d  c o n s t a n t  
on t h e  a d d i t i o n  of d ioxane .  On  a d d i n g  PPt  before  a n d  a t  va r ious  t imes  a f t e r  t h e  
a d d i t i o n  of d ioxane ,  shif t  in t h e  helical  c o n t e n t  caused  b y  d i o x a n e  was  depressed  
c o m p l e t e l y  a n d  t h e  c o n t e n t  r e m a i n e d  c o n s t a n t  d u r i n g  t h e  m e a s u r e m e n t s .  On  a d d i n g  
3 - 4  moles  P C M B  per  Io  ~ g of myos in  A, t h e  m a x i m u m  ve loc i ty  a n d  t h e  ,,~ich~-I:.s~,. 
c o n s t a n t  of A T P a s e  a t  2o ° were  increased ,  respec t ive ly ,  f rom o.z2 to  o.44 m m o l e s  
P d m i n / g  a n d  f rom 1.3 to  1 . 5 - I o  -4 M, a n d  t e m p e r a t u r e  d e p e n d e n c e  of the  m a x i m u m  
ve loc i ty  was  inc -eased  s ignif icant ly ,  while on a d d i n g  o ° moles  P C M B  the  A T P a s c  
a c t i v i t y  was  c o m p l e t e l y  inh ib i t ed .  T h e  helical  c o n t e n t  of myos in  A inc reased  b y  
severa l  p e r c e n t  on a d d i t i o n  of 4 moles  P C M B  a n d  decreased  by  several  pe rcen t  on 
8 moles  P C M B  per  ~o 5 g. On  a d d i n g  P C M B  in t h e  p resence  of A T P  or  PPt ,  t h e  helical  
c o n t e n t  fell in  b e t w e e n  those  in t h e  p resence  of e i the r  of t h e  two.  On t h e  basis  of t hese  
a n d  o t h e r  obse rva t ions ,  i t  was  sugges t ed  t h a t  c o n f o r m a t i o n  of t h e  ac t ive  si te is ver~" 
suscep t ib le  t o  inf luences  of d i o x a n e  a n d  P C M B  a n d  t h a t ,  accord ing ly ,  a m i n u t e  change  
in t h e  helical  c o n t e a t  induces  a p r o n o u n c e d  change  in t h e  A T P a s e  ac t iv i ty .  

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

Seve ra l  i n v e s t i g a t i o n s  h a v e  been r e p o r t e d  on  t h e  connec t ion  of e n z y m i c  a c t i v i t y  wi th  
molec t f la r  s t r u c t u r e  of myos in  A. LEvY e ta / .  t in fe r red  f rom t e m p e r a t u r e  d e p e n d e n c e s  

A b b r e v i a t i o n :  P C M B ,  p-chloromercuribenzoate. 
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of t he  ra tes  of hydrolys is  of ATP  a n d  I T P  t h a t  conformat ion  of the  ac t ive  site changes  
on its b ind ing  wi th  the  subs t ra te .  -The present  a 'uthors 2 have  recent ly  observed the  
changes  in t he  n u m b e r  of " a b n o r m a l "  ty ros ine  and  in the  excess r i gh t -handed  helical 
con ten t  of myosin A on its b ind ing  wi th  PPi  and  ATP. The  ac t iva t ion  and  inhibi t ion 
of ATPase  by  PCMB was firstly observed by  KIELLEY AND. BRADLEY a. BLUM 4 deduced  
from his kinet ic  s tudies  on the  ac t iva t ion  of ATPase  by  PCMB t h a t  the  b ind ing  of 
PCMB induces  s t r uc tu r a l  changes  in the  ac t ive  site of myosin A. KOMINZ 5 has  observed 
a r emarkab l e  change  in the  sed imenta t ion  coefficient of myosin  A on its t r e a t m e n t  
wi th  me thy lmercu r i c  hydroxide.  In  the  previous  paper* the  effects of d ioxane  on t he  
molecular  shape  and  the  ATPase  ac t iv i ty  of myosin  A were reported.  Soon af ter  t he  
addi t ion  of IO volume percent  d ioxane  to o.6 M KC1 solut ion of myosin  A, an enhance-  
m e n t  of ATPase  ac t iv i ty ,  an  increase in the  rad ius  of gyra t ion ,  a n d  a decrease in the  
viscosi ty were  observed concomi tan t ly .  These  changes  were followed by  a g radua l  
decrease in the  rad ius  of gyra t ion ,  an increase in t he  viscosity,  and  inhib i t ion  of ATPase  
ac t iv i ty .  F u r t h e r m o r e ,  it was found t h a t  t h e  proper t ies  of e n h a n c e m e n t  of ATPase  
by d ioxane  are  very  similar  to  those by  PCMB. On t h e  basis of these  results ,  changes  
in t h e  ATPase  ac t iv i ty  a n d  t he  op t ica l - ro ta to ry  dispersion of myos in  A solut ion on 
add ing  d ioxane  and  PCMB were inves t iga ted  to clarify the  re la t ion  be tween  the  
ATPase  ac t iv i ty  and  the  secondary  s t r u c t u r e  of myosin  A. 

E X P E R I M E N T A L  P R O C E D U R E  

Myosin A solut ions were ob ta ined  by the  m e t h o d  of PERRY 7 af ter  minor  modif icat ions 6. 
The  solut ions were clarified by  cen t r i fuga t ion  a t  lO 5 × g for 2 h before use. 

Crystal l ine d isodium sal t  of A T P  was ob ta ined  from Sigma Chemical  Company .  
PCMB and  o ther  chemicals  were commercia l  p roduc t s  of g u a r a n t e e d  grade.  Since 
MORALES AND HOTTA a h a v e  poin ted  ou t  t h a t  d ioxane con ta ins  a small  a m o u n t  of 
peroxide and  the  d ioxane  effect on ATPase  is mimicked  by  hydrogen  peroxide,  
g u a r a n t e e d  grade  d ioxane  was purified by  the  following proceduresg: 3oo ml  of d ioxane  
was boiled in the  presence of 3-4  g of Ag~O for 2.5 h, and  dist i l led af ter  add i t ion  of 
fused KOH.  A fract ion was  ~s t i ! l ed  again  in t h e  presence of Na  meta l .  2o g of i ron 
powder  was added  to 250 ml of t he  dist i l late,  and  disti l led af ter  boil ing for 2 h. 
Purified d ioxane  was  kep t  as 8o% aqueous  solut ion in a refr igerator .  By  these  proce- 
dures  t he  c o n t e n t  of peroxide was  reduced  from I.  5 to lower t h a n  o.25/~moles/ml.  

The  reac t ion  nMxture for m e a s u r e m e n t  of ATPase  ac t iv i ty  con ta ined  0.6 M KCI, 
7 mM CaClz as an ac t iva to r ,  I o  mM T r i s - m a l e a t e  buffer (pH 7.o) and  0. 5 mM A T P  and  
o.2-0.3 mg /ml  of myos in  A. Measuremen t s  were usual ly  carr ied out  a t  20 °. T h e  react ion 
was  s topped by  add ing  t r ichloroacet ic  acid a t  measu red  in te rva l s  of t ime  and  Pt 
l iberated was  de t e rmined  by  t h e  MARTXN-DoTY me thod  1°. 

Opt i ca l - ro ta to ry  dispersion of o.6 M KC1 solut ion of myosin  A was measured  by 
means  of a model  2ooS-8o photoelect r ic  spec t ropola r imete r  wi th  an oscil lat ing 
polarizer  pr ism (O. C. Rudo lph  and  Sons (U.S.A.)) in the  range  of wave- leng th  from 
32oo to 55oo A. A xenon  compac t  arc l amp was used as  t he  source for con t inuous  
spectra .  The  po la r imeter  can be set  to  ~ o.oox5 °, if the  same end pla tes  are  used a t  
fixed posi t ions t h r o u g h o u t  one series of exper iments .  The  concen t ra t ion  of myos in  A 
was a b o u t  5 mg /ml  and  t h e  angle  of ro t a t i on  was  from - -o .x5  to  --x.5o.  Polaximeter  
t ube  was xo cm in length.  I t s  t e m p e r a t u r e  was  m a i n t a i n e d  usual ly  a t  2o i o,2 ° b y  
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c i rcu la t ing  w a t e r  from an  u l t r a t h e r m o s t a t  H z a k  {Gern~_y.}  t h r o u g h  t h e  j acke t  
s u r r o u n d i n g  t h e  tube .  All t h e  resul ts  axe e ~  in  t e r m s  off t h e  equa t ion  of 
M O F F I T T  A N D  Y A N G  11" 

n ~ + 2 I O0 ,~=~ - -  , ~  :(~.-~ - -  ,¢,~;~/~ 

where  [m'j  is t h e  so-called effective res idue  ro t a t i on  a t  a n y  ~ r ~ v e - ~ ,  2, th is  being 
t h e  obse rved  specific ro ta t ion ,  [~], cor rec ted  for t h e  e~itet~ off t h e  refiractive index,  n. 
m e a s u r e d  b y  an  Abbe  t y p e  re f rac tomete r ,  a n d  t h e  a~nerage ~ we;gh t  of t h e  
single residue,  M 0, ca lcu la ted  to  be 117 (see t e l  ~t2). T h e  z a i ] ~ ~  p a r a m e t e r ,  ~-o, 
was  t a k e n  as  c o n s t a n t  and  equa l  to  214 ° A. Excess  r i g ~ - ~  ~eK, eat  c o n t e n t  was 
e s t i m a t e d  by  d iv id ing  t h e  --bo t e r m  by  580 ( ~ e  reff. x3}, ~ t h e  a~ t e r m  var ies  not  
on ly  wi th  t h e  hel ical  c o n t e n t  b u t  also w i t h  chaaages off fl~e ~ _  

C o n c e n t r a t i o n  of t h e  pro te in  was  ca lcu la ted  b y  m ~ - ~  t h e  td t rogen  con ten t ,  
d e t e r m i n e d  by  t h e  mic ro -Kje ldah l  m e t h o d  or b y  t h e  m i e r o - ~  m e t h o d  (Coleman 's  
n i t rogen  ana lyzer ) ,  by  a fac tor  of 6. 

R E S U L T S  

Effect of dioxane 
Dispers ion d a t a  a t  var ious  t imes  af te r  t h e  add i t i on  ~f 8 ~ - ~  pe rcen t  of purified 

d ioxane  a re  p r e sen t ed  in Fig.  x in  t h e  forms of t h e  ..plot r e o ~ m ~ x K l e d  b y  MOFFITT A~D 
YAN6 u .  As c lear ly  seen in t h e  figure, s l ight  ~ m t h e  ~Q® t e r m  a n d  sl ight  
increase  in t h e  ~ b  0 t e r m  were observed  i m p ,  a f t e r  ~ add i t ion  of d ioxane,  
a n d  t h e n  a g r a d u a l  increase  in - - a  0 a n d  a decrease  ha --gPe ~ t i m e  were  observed.  
S imi la r  r e su l t s  were  also o b t a i n e d  by  a d d i n g  ~ ~  d ~ x ~  L, l to  myos in  A 
solut_;on. These  changes  in a 0 a n d  b 0 were  obser~'ed ~ e x x o n  for all e ight  
p r e p a r a t i o n s  t es ted .  

I n  Fig. z a re  shown t h e  t ime  r a t e  of t h e  ~ in  e x ~  ~ t - h a n d e d  helical  
c o n t e n t  of myos in  A af te r  t h e  add i t ion  of 8-I.o vo lume  pe t r_e~  dio .~me t o g e t h e r  wi th  
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those of the ATPase activity. The excess right-handed helical content of myosin A 
in 0.6 M KCI "fluctuated from one preparation to another in the range from 57 to 61%. 
Comparing the results in Fig. 2 with those presented in the previous paper a (see 
especially Fig. 8 of ref. 6), it is clear tha t  the helical content changes parallel to the 
ATPase activity and the radius of gyration but inversely to the reduced viscosity. 
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Fig.  z. T i m e - c o u r s e s  of  c h a n g e s  in  he l i ca l  c o n t e n t  ( O - - O ,  0 - - 0 )  a n d  A T P a s e  a c t i v i t y  ( z X - - A  
A - - A )  a f t e r  a d d i t i o n  of  d i o x a n e .  0 .6  M KC1, a t  2o ° ( p H  7.0).  H e l i c a l  c o n t e n t  w a s  e s t i m a t e d  f r o m  
b o t e r m  a n d  A T P a s e  a c t i v i t y  m e a s u r e d  in  7 m M  Ca 2+, 0 .5  m M  A T P  a n d  lO m M  T r i s - m a l e a t e  
buffer .  He l i c a l  c o n t e n t :  O - - C ) ,  t o  v o l u m e  p e r c e n t  d i o x a n e ,  m y o s i n  A No.  7 z, 4 .65  m g / m l ;  0 - - 0 ,  
S v o l u m e  p e r c e n t  p u r i f i e d  d i o x a n e ,  m y o s i n  A No.  90,  3 .62 m g / m l .  A T P a s e  a c t i v i t y :  z X - - / ~ ,  
~o v o l u m e  p e r c e n t  d i o x a n e ,  m y o s i u  A No .  72, o .2  m g / m l ;  ~ k - - A ,  8 v o l u m e  p e r c e n t  p u r i f i e d  

dioxa~ae, m y o s i n  A No.  89,  o , z  m g / m l .  

The magnitude of changes i u the helical content was, however, remarkably smaller 
than in the ATPase activity, the radius of gyration, and the viscosity: Immediateh" 
after the addition of 8-1o% dioxane tile helical content increased only by  5-1o % 
of the control value but  the ATPase activity increased to 13o-17o% of the original. 
and Ioo-2oo min after the addition of dioxane the helical content decreased only by 
4-5 %, though the ATPase activity disappeared almost completely. 

As sl:own in this figure, the effect of dioxane on the helical content and on the 
ATPase activi ty of myosin A did not change substantially before and after purification 
of dioxane. The effect of purified dioxane on ATPase was unaffected by the addition of 
I mM KCN, which completely inhibits the effect of peroxide x4. Therefore, the effect 
of dioxane must  substantially l~e at t r ibuted to dioxane itself but  not to peroxide 
contained in dioxane. However, the time rate of the decrease in ATPase activity by 
unpurified dioxane was somewhat higher than  tha t  by purified dioxane and was 
retarded by the addition of I mM KCN. 

When myosin A was incubated for xo h at  pH xo. 3, the helical content measured 
at pH 7.0 decreased from 60 to 50.4% and the enz3anic act ivi ty disappeared. The 
addition of 8 volume percent dioxane to the alkaline-inactivated myosin A caused 
a slight decrease in the --ao term but no change in the - -  b0 term (Fig. 3)- The addition 
of x mM Mg=+-PPt decreased +ho helical content by several percent 2. When 8 o, . . . . .  a " o  

dioxane was added to myosin A after addition of I mM Mg=+-PPt, the - - a  o term 

l~iochim. Biophys..-icta, 69 (z963) ~ 9 6 - 3 o 5  
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decreasegi ~ ~t  first mad then returned gradually to the original v,xlue, whereas 
the ~,b~ ~mm ~ constant as shown in Fig. 3. Fig. 4 shows the results obtained 
by  ~ ~ 0 ~  ~[  x m ~  ~gz+-PPt at various times after the addition of 8 % dioxane. 
W h e n  PPa ~ ~ facto myosin A solution -5 min after the addition of dioxane, 
se~z, e r ~  ~ ~ ha the helical content was observed but the helical content 
remr6~ed ~ ~  o,~er the period of measurements. The helical content was not 
affected b3r ~ ~ 1 ~ o ~  of Mg~+-PP~ I5o and 35o rain after the addition of dioxane 
and ~t ~ ~ m ~ t  thereafter. 

Fig. ~ ~ ~ ~ependence of the specific rotatory power at 5000 A, [~5ooo, 
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Fig .  $ .  ~J'f~'It ~ dt iea~ae ,  ot t  he l i ca l  c o n t e n t  of  a l k a l i n e - d e n a t u r e d  m y o s i n  A a n d  m y o s i n  A - P P ~  
c ~ .  ,et.~ ~ K(L-I],. l~1~sixx .3L .No. IO3, 4 .26 m g / m l ,  a t  2o ° ( p H  7.o)- 8 v o l u m e  p e r c e n t  p u r i f i e d  
diommae ~ ~ a~ ~i,,~::e o. O - - O ,  c o n t r o l ;  × - - × ,  m y o s i n  A d e n a t u r e d  b e f o r e h a n d  b y  
incnba~fiom t[6~r a,~ th am Tp~Ik~ Eo. 3 ; O - - L O ,  m y o s i n  A in p r e s e n c e  o f  z m M  MgZ+-PPi .  ~ - - - A ,  A T P a s e  

a c t i v i t y  in 7 m ~ [  Ca  s+. 
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Fig .  5- D e p e n d e n c e  o n  d i o x a n e  c o n c e n t r a t i o n  
( v o l u m e  p e r c e n t )  of  spec i f ic  r o t a t o r y  p o w e r  of  
m y o s i n  A a t  5ooo  .~. o . 6  M KCI,  m y o s i n  A 
No.  8z,  4 .7  z m g / m l ,  a t  2o ~ ( p H  7.0). 0 ~ 0 ,  
5 - I o  r a in  ; x - -  × ,  5 h a f t e r  a d d i n g  d i o x a n e .  
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on the concentrat ion of dioxane. Immediate ly  after the addition of dioxap.e, F~.]~oe 
increased with increase in the concentrat ion of dioxane before it reached the maximum 
at  zo%, and then  it decreased gradual ly  withdncrease in the concentration.  A similar 
dependence on the concentrat ion of dioxane has already ~eeen reported on the  ATPase 
act ivi ty s. 5 h after the addition of dioxane, no increase in ~J~oogF ~ was observed, and it 
decreased with increase in the concentrat ion especially above io%.  

Effect of PCMB 
Since the effect of P,CMB on myosin A ATPase is known to depend on tempera-  

ture, the  helical content  was measured as a function of t empera ture  (Fig. 6). The 
helical content  shown in Fig. 6 was measured after 2o rain incubat ion to equilibrate 
the solution at  required temperature .  The helical content  decreased significantly wi th  
increase in t empera tu re  above 25 °. 
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Fig. 6. Temperature-dependence of helical con- 
tent (in %) of myos in  A. 0.6 M KCI, m y o s i n  A 

No. 85, 4.7 z m g / m l  (pH 7.o). 
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Fig. 7- M a x i m u m  veloci t ies  of ATPase  (Vm) as  
func t ions  of t e m p e r a t u r e  in  presence  a n d  

absence  of 3 moles  P C M B / I o  ~ g pro te in .  ATPase  
ac t i v i t y  was m e a s u r e d  in 7 rnM Ca t+, 2 m M  ATP 
a n d  xo mM T r i s - m a l e a t e  buffer  (pH 7.o)- 
Myosin  A No. 96, o .x-o.4  m g / m l .  O - - O ,  

cont ro l ;  O - - O ,  3 moles  PCMB/xo s g. 

As has been already reported 3, 4,za the  ATPase act ivi ty  exhibits  a m~ke-.l i n c ~ ' e ~  
when about  one half the sulfhydryl grouFs have been t i t r a t ed  with PCMB and com- 
pletely ~ p p e a r s  ,:;hen all the  SH groups have  reacted. Fig. 7 represents tezaperature 
dependence of the max imum velocity, Vm, of ATPase in the presence and  the  absence 
of 3 moles PCMB/Io 5 g; a t  20 ° Vm increased from 0.22 to 0.44 moles Pl]min/g. The 
Michaelis constant ,  Kin, increased from x.3" xo -4 to 1.5" xo -4 M on the  addit ion of 
4 moles PCMB/Io 5 g. The apparen t  ac t ivat ion energies of Vm and Km in the  absence of 
PCMB were 8.2 and 5.o kcal/mole, respectively, and those in the presence of PCMB 
were 23.2 and 6.2 kcal]mole, respectively. Thus,  dioxane e and  PCMB increased Vm, 
Kin, and especially the  t empera tu re  dependence of Vm. 

A typical  example of the effect of PCMB on the  opt ical-rotatory dispersion of 
myosin A is shown in Fig. 8 and  several results obtained are listed in Table L ' [ h e  
helical content  was calculated from the b 0 t e rm measured 3o-6o rain after  the  addit ion 
of PCMB. At  all the  tempera tures  measured the  helical content  increased by  x -  7 % 
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on a d d i n g  4 moles  P C M B / I o  -~ g, while  in t h e  p resence  of 8 - 9  ra~Aes P C M B / z o  s g it was  
lower  t h a n  in t h e  p resence  of 4 moles  ; C M B  a n d  m o s t l y  lower  b y  2 - 4 %  t h a n  t h a t  
of t h e  control .  Severa l  p e r c e n t  increase  in t h e  helical  c o n t e n t  b y  4 moles  P C M B [ I o  5 g 
was  also o b s e r v e d  a t  p H  5.6 a n d  1o.6. 

C~ 

r~ 

-20 

~0 15 20 

F i g .  8. MOFFn-r- -YA,~6 p l o t s  o f  d i s p e r s i o n  d a t a  in  p r e s e n c e  o f  v a r i o u s  & m o u n t s  o f  P C M B ,  0 ,6  M KCI.  
m y o s i n  A No .  8 4 ,  5.1 m g / m l ,  a t  zo  ° ( p H  7, I ) .  × - - × ,  c o n t r o l ;  O ~ O ,  4 m o l e s  P C M B / [ o  5 g ;  

7_l~Z1.  8 m o l e s  P C M B / I o  s g. 

I n  t h e  presence  of 4 moles  P C M B / z o  5 g t h e  op t ica l  power  r e m a i n e d  u n c h a n g e d  
wi th  t ime ,  b u t  in  t h e  p resence  of 8 moles  P C M B  t h e  - - b  o t e r m  decreased  g radua l ly .  
F u r t h e r m o r e ,  i t  was  found  t_b.at t h e  op t ica l  r o t a t o r y  d i spers ion  cu rve  of m y o s i n  A 
recovers  t o  t h e  or ig inal  one  b y  t h e  t r e a t m e n t  w i t h  14o moles  f l - m e r c a p t o e t h a n o l / i o  5 g 
a f t e r  t h e  t r e a t m e n t  w i t h  7 moles  P C M B / I o  5 g*. 

A f t e r  success ive  add i t i on  of x m M  Mg~+-PPt a n d  4 moles  PCMB/IO s g, t he  helical  
c o n t e n t  of m y o s i n  A w a s  obse rved  t o  be nea r ly  equa l  to  t h a t  of t h e  or ig;nal  myos in  A, 
whi le  i t  dec reased  b y  severa l  pe rcen t  on a d d i n g  PPI  a lone  a. T h e  helical  c o n t e n t  of 
myGzin A incre~_sed b y  se~-era| pe rcen t  on a d d i n g  3 m M  MgZ+-ATP (see ref. 2), while 
on a d d i n g  8 moles  P C M B / z o  5 g in t he  p resence  of A T P  it fell in b e t w e e n  those  in 
t h e  p resence  of e i ther  of t h e  two. Severa l  pe rcen t  increase  in the  helical  c o n t e n t  was  
also obse rved  in o.6 M NaCl e i t he r  by  A T P  or b y  4 moles  P C M B / I o  5 g. Contrary- 
to  t he  case of  t he  absence  of ATP ,  the  hel ical  c o n t e n t  in t h e  p resence  of A T P  decreased  
b y  severa l  p e r c e n t  on a d d i n g  4 moles  P C M B / I o  ~ g. 

" O n e  o f  t h e  p r e s e n t  a u t h o r s  ~* h a s  d e m o n s t r a t e d  t h a t  t h e  " i n t r i n s i c "  C a  z+ is r e m o v e d  b y  t h e  
t r e a t m e n t  o f  m y o s i n  A w i t h  P C M B  a n d  t h e n  w i t h  c y s t e i n e  o r / $ - m e r e a p t o e t h a n o l .  A c t o m y o s i n .  
w h i c h  w a s  c o m p o s e d  of  C a f + - f r e e  m y o s i n  A a n d  F - a c t  a, s u p e r p r e c i p i t a t e d  w i t h o u t  s h o w i n g  t h e  
" ' c l e a r i n g  r e s p o n s e "  i m m e d i a t e l y  a f t e r  t h e  a d d i t i o n  o f  a h i g h  c o n c e n t r a t i o n  o f  A T P ,  t h o u g h  t h e  
A T P a s e  a c t i v i t y  o f  t h i s  m o d i f i e d  m y o s i n  A w a s  t h e  s a m e  a s  t h a t  o f  t h e  o r i g i n a l  m y o s i n  A a n d  t h i s  
m o d i f i c a t i o n  p r o d u c e d  n o  c h a n g e  in  t h e  v i s c o s i t y ,  t h e  s e d i m e n t a t i o n ,  a n d  t h e  e x t e n t  o f  b i n d i n g  to  
F - a c t i n .  T h e s e  r e s u l t s ,  t o g e t h e r  w i t h  t h e  o n e  d e s c r i b e d  h e r e ,  s u g g e s t  t h a t  t h e  m o l e c u l a r  s t r u c t u r e  
o f  m y o s i n  A d o e s  n o t  c h a n g e  o n  t h i s  m o d i f i c a t i o n  a n d  t h a t  t h e  c o m b i n a t i o n  o f  a r e l a x i n g  f a c t o r  
( h i g h  A T P  e t c . )  t o  t h e  " ' i n t r i n s i c "  Ca  ffi+ is n e c e s s a r y  t o  t h e  " ' c l e a r i n g  r e s p o n s e "  o f  a c t o m y o s i n .  
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DISCUSSION 

On adding I o %  dioxane the  helical cont¢ ~ t of myos~a A es t ima ted  from the  b 0 t e rm 
increased firstly and  then  decreased gradual ly .  T h e  effect of dioxane on the  optical 
ro ta t ion  of myosin A could no t  be ascr ibed to  t h e  change  in t he  env i ronmen t  of amino 
acid residues by  the  absorpt ion  of d ioxane to  myosin A, since not  only the  a 0 t e rm  bu t  
also the  b 0 t e rm changed in a similar way  t o t h e  ATPase  ac t iv i ty ,  t he  radius  of gyra t ion,  
and  the  viscosity of myosin A. Fur the rmore ,  w m a r k a b l e  ac t iva t ion  and  inhibi t ion of 
ATPase by  dioxane were observed concomi tan t ly  wi th  sl ight increase and  decrease in 
helical content ,  respectively.  EL6DfS recent  investigations~7, is have  also shown t h a t  
organic solvents  produce significant ac t iva t ion  and  inhibi t ion of the  act ivi t ies  and  
marked  increases in the  viscosity w i thou t  pronounced changes  in opt ica l - ro ta tory  
power of phosphoglycera ldehyde d e h y ~ l ~  a n d  nqbonuclease. 

BLUM 4 has  suggested from his k inet ic  s t u d y  on  t he  PCMB-act iva t ion  a s t ruc tu ra l  
change in the  myosin A molecule by  i ts  b ind ing  wi th  I ~ M B .  We/s have  also deduced 
the same conclusion from the  observat ions  t h a t  ATPase  is more  readily inac t iva ted  by 
urea  in the  presence t h a n  in the  absence  of I ~ M B .  I n  t h e  present  paper,  it has  been 
demons t r a t ed  t h a t  4 moles PCMB/xo ~ g induces  a n  increase in the helical conten t  by 
a few percent  and  a remarkable  ac t iva t ion  of ATPase,  while  8 moles PCMB/xo s g 
induce a decrease in the  helical con ten t  b y  a few percent  a n d  a complete  inhibi t ion of 
ATPase*. Fur the rmore ,  bo th  PCMB a n d  dioxmae increased Vm, Km and  the  tem- 
pera tu re  dependence  of Vm and removed t h e  neu t r a l  depression of the  pH ac t iv i ty  
curve6:L The  ATPase  ac t iv i ty  was gener~Uy mea.~ated a t  zo ° and  in the  presence of 
Ca 2+, while the  optical r o t a to ry  m e a s u r e u ~ n t s  were  m a d e  in the  absence of Ca ~+. 
Then  it mus t  be said t h a t  the  change  in helical c o n t e n t  is closely re la ted to the  change 
in propert ies  of ATPase  and  not  to t he  ATPase  ac t iv i ty  itself. 

I t  seems, however,  to  be very  difficult t o  d a r i f v  t h e  relat ionship between enzymic 

* O p t i c a l - r o t a t o r y  d i s p e r s i o n  c u r v e  w a s  ~ i n  t h e  a lbsence  of  A T P ,  w h i l e  t h e  A T P a s e  
a c t i v i t y  w a s  m e a s u r e d  of  c o u r s e  in  t h e  p ~ o ~ [  ATIP. ~ a r e ,  i t  m a y  b e  a e a i r a b l e  t o  d e t e r m i n e  
e f f e c t s  of  m e d i u m  a n d  r e a g e n t  on  t h e  o p t i c a l  r o t a t i z m  i n  t h e  ~ o f  A T P .  S u c h  m e a s u r e m e n t s  
a r e ,  h o w e v e r ,  v e r y  d i f f i cu l t  a n d  r e m a i n  t o  a f u r t l h ~  r ~ e a r c h ~  s i n c e  b o t h  A T P  a n d  A D P  a r e  o p t i c a l l y  
a c t i v e l e ,  a n d  s i n c e  A T P  is h y d r o l y z e d  r a p i d l y  L e c m a ~  o f  h i g h  c o ~ e n t r a t i o n  of  m y o s i n  A. 
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a c t i v i t y  a n d  helical s t ruc tu re ,  as the  ac t ive  si te m a k e s  up  a v e r y  smal l  f rac t ion  of t he  
e n z y m e  molecule  a n d  opt ical  r o t a t i o n  can show only  a ne t  increase or decrease  of 
helical c o n t e n t  b u t  does no t  reveal  o the r  con fo rma t ion  changes.  The  a p p a r e n t l y  close 
re la t ion be tween  r e m a r k a b l e  ac t iva t ion  a n d  inh ib i t ion  in ATPase  a c t i v i t y  b y  d ioxane  
a n d  PCMB a n d  s l ight  increase a n d  decrease  in helical con t en t  m a y  be due to  a coin- 
c ident  change  in A T P a s e  a c t i v i t y  and  the  net  change  in helical  con t en t  of myos in  A 
molecule  as a whole. However ,  a possible exp l ana t ion  of the  p resen t  resul ts  i:; as 
follows; the  s t r u c t u r e  of the  ac t ive  site is helical, the  s t ruc tu re  a r o u n d  the  ac t ive  site 
is v e r y  suscept ib le  to the influence of m e d i u m  a n d  reagent ,  and  ne t  changes  i.n the  
helical c o n t e n t  of po lypep t id~  chain  of o ther  p a r t  t h a n  the  ac t ive  si te is not  large*. 
This  a s s u m p t i o n  seems to be s u p p o r t e d  b y  the  resul ts  t h a t  on add ing  d ioxane  to the  
a lka l ine - inac t iva t ed  myos in  A -~° no change  in the  helical c o n t e n t  was observed  and  t h a t  
in the  presence of PPt ,  which  b inds  to  the  ac t ive  si te of myos in  A ATPase ,  the  shift  
in t he  helical  c o n t e n t  wi th  t i m e  on add ing  d ioxane  was no t  obse rved  a n y  more.  The  
resul t  t h a t  t he  helical c o n t e n t  a f t e r  add i t ion  of A T P  or  PPt  and  PCMB fell in be tween  
t h e  va lues  in the  presence of e i ther  of t he  two  seems also to  s u p p o r t  the  above  
a s sumpt ion ,  since PCMB and  A T P  or PPi  are  known  to  b ind  to  myos in  A compe-  
t i t i v e l y  22. Our  invest igat ions2°,  23 on the  hea t ,  acid, a lka l ine  a n d  sal t  i nac t i va t i ons  of 
A T P a s e  h a v e  also revea led  t h a t  t he  s e c o n d a r y  s t r u c t u r e  of t he  ac t ive  site is pa r t i cu -  
la r ly  sens i t ive  to  these  t r e a t m e n t s .  
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S U M M A R Y  

~ ~ t ~  of: PPi and ATP on the spectrophotometric titration curve and the optical- 
~tttmui~ dispersion curve of myosin A were investigated.  In o. 5 M KC1 the number 
~fff"Mh~x~md" tyrosine increased from 3 .6-3 .7  moles to 6 .2-7 .0  moles and 5-5 moles 

m~'g~ protein on adding PPa and ATP,  respectively,  while it did not change on 
~--'~SEA. in  0.5 M NaCI "normal" and "'abnormal" tyrosine could not be 

, t | ~ d ~  and no significant change in the dissociation state of tyrosine could be 
,dban~emlt on~ adding ATP.  The electrostatic interaction factor, w, of the dissociation 
, ,ff"immm£" tyrosine was  measured under various conditions. 

l]mo~6,~l~ KCI, PPt decreases the helical content  of myosin A, while ATP increases 
~ content  by  several percent. However,  the content  does not change on 

• adlEmg~A~?~ in  o.6 M NaC1 ATP increases the helical content  of myosin A by  several 
~ m m  ina t h e  presence and absence of Mg 1+ and even in the presence of E D T A ,  
wdtm~iII]?' was  not decomposed by  myosin A. 
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