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IN 

SUMMARY 

I. The ultraviolet absorption difference spectrum of Subfragment I induced by 
ATP was measured in the presence of MgCI~. The shape of the difference spectrum 
was the same as that  of heavy meromyosin. The difference molar extinction coefficient 
at the major peak, AE2s9 m~, was 22oo -Jr- 400 M-~.cm -~, which was 44% of that  of 
heavy meromyosin. I t  decreased with time especially near 29o mju and reached an 
identical shape as that  induced by  ADP. 

2. The difference spectra of Subfragment I induced by the addition of ADP 
and of heavy meromyosin had identical forms. AE2ss m~ was 13oo =j= 400 M -1" cm -~, 
which was 52 % of the value of heavy meromyosin. 

3. The dependence on the concentration of the difference absorbance induced 
by ADP was measured at 288 m/~. A strong binding of ADP to Subfragment I was 
suggested. The minimum ADP concentration needed to give the maximum change 
in the difference absorbance was 1.2 times the concentration of Subfragment I. 

4. Both difference spectra due to ATP and ADP were not dependent on the 
KC1 concentration. 

5. Decay of the difference spectrum of Subfragment I induced by ATP was 
measured. The value of ks obtained from Chance's equation agreed with the maximum 
velocity of steady-state ATPase. 

INTRODUCTION 

The ultraviolet absorption difference spectrum due to aromatic chromophores 
in heavy meromyosin was previously shown to be induced by the addition of ATP 
or by  its analogs 1, 2. I t  was shown to be a reflection of a local structural change near 
the active site of heavy meromyosin by  the binding of the substrate. In the preceding 
paper s , it was demonstrated by  the stopped flow measurement that,  in the presence 
of MgCI 2, the difference spectrum occurs associating with the Michaelis-Menten com- 
plex which is formed at one of the two binding sites of ATP in heavy meromyosin. 

There have been many  studies and discussions about the subunit structure of 
myosin and of heavy meromyosin mainly on the basis of hydrodynamic measure- 
ments 4-1°. Recent electron microscopic investigations corroborate the proposal that  
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a subunit structure in the globular head of the heavy meromyosin exists 11,12. However, 
the correlation between the subunit structure of heavy meromyosin and the binding 
sites of the substrate is still speculative. Thus, it is important to study the charac- 
teristics of the active subfragment called Subfragment I, first isolated by MULLER 
AND PERRY 6, whose molecular weight is nearly one third of that  of heavy meromyosin. 

In order to compare them with those of heavy meromyosin, an a t tempt  to 
obtain the ultraviolet absorption difference spectra of Subfragment I induced by the 
addition of ATP or ADP in the presence of MgC12 was made. The shape and charac- 
teristics of the difference spectra of Subfragment I and of heavy meromyosin were 
identical, but the difference molar extinction coefficients, AE, of Subfragment I were 
about one half those of heavy meromyosin. Data  suggest that  Subfragment 1 prepa- 
ration is an equimolar mixture of two kinds of particles differing with respect to 
the spectral change by the binding of the substrate. 

E X P E R I M E N T A L  

The preparation of Subfragment I was made by the method described by YAGI 
AND YAZAWA 13. The ultraviolet absorption difference spectrum of Subfragrnent I was 
measured using the double cell method 14 which was the same procedure using a 
Hitachi Recording Spectrophotometer type EPS-3T for measuring heavy meromyosin. 
ATPase activity at the steady-state was determined by measuring the time-course of 
Pt liberation. The concentration of PI was  determined by  the method of FISKE AND 
SUBBARow 15. All experiments were effected at 25 ° in the presence of IO mM MgC12 
and 50 mM Tris-HC1 buffer at pH 8. The concentration of Subfragment I was esti- 
mated from the absorption at 280 m# using the value of E~ c/~ of 7.9. ATP, ADP, 
trypsin and a trypsin inhibitor were purchased from Sigma Chemical Co. Rate con- 
stants and molar difference extinction coefficients were calculated, basing the value 
of 1. 3. lO 5 as the molecular weight of Subfragment I (refs. 8-1o, 13). 

R E S U L T S  

The ultraviolet absorption difference spectrum between the Subfragment 1 
solutions with and without ATP has been measured. Fig. I represents the difference 
spectrum. Curve a is the trace obtained immediately after the addition of ATP and 
shows two positive peaks: a major one at 289 m# and a minor one at 281 m/,. Near 
300 m# exists a shoulder whose whole curve is identical with that  of heavy mero- 
myosin induced by ATP 2. The molar difference extinction coefficient at the major 
peak, AE~89 m/~, was 2200 :~ 400 M - l ' c m  -I  (15 determinations) in the presence of 
sufficient ATP. This is 44 % of the value of heavy meromyosin 2. Both difference 
spectra near 290 m# decreased with time and reached the difference spectrum as 
shown in Curve d in Fig. I. As shown in Fig. 2, this curve has two positive peaks 
at 288 and 280 m# as does the curve representing the addition of ADP. The shape 
of the curve is identical with that  of the difference spectrum of heavy meromyosin 
induced by  ADP ~. The molar difference extinction coefficient at 288 m/~, AEzss m~, 
was 13oo 4- 400 M -1" cm -1 (41 determinations) in the presence of sufficient ADP. This 
is 52 % of the value of heavy meromyosin ~. 

The difference absorbance at 288 m#, zlA~88 m/*, induced by the addition o 
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Fig. 1. Difference spectrum of Subfragment 1 af ter  the addi t ion of ATP. Exper imenta l  condi t ion 
was L88 mg of Subfragment I per ml, o . i2  M KCI, and 7 ° /~M ATP. The t ime af ter  adding ATP 
to Subf ragment  I a t  which the wavelength  of 289 m u  was reached was 3 o, 71, 134 and 551 sec 
for Curves a, b, c and d, respectively. 

Fig. 2. Difference spec t rum of Subf ragment  I induced by  the addit ion of ADP. Exper imenta l  
condition was 1.86 mg Subf ragment  I per  ml, 64 mM KC1 and o.i  mM ADP. 
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Fig. 3. Dependence of AA~s8 m~ on the concentrat ion of ADP in the presence of o.o6 M KC]. 
AA288mv/A~8omu in ordinate is defined as the ratio of the difference absorbance at  288 m~u, 
/I,4 ~8s m~, and the  absorbancy  of the Subf ragment  I solution at 280 m/~, A ~80 inv. Concentrat ion 
of Subf ragment  I ranged f rom 1.86 to 2.23 mg/ml.  Different symbol  shows different preparat ion.  
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Fig. 4. Effect of KCI on AA. 1.3o mg Subf ragment  I per  ml was used. Amax is the  difference 
absorbance a t  289 m/~ due to ATP ( 0 )  and at  288 m/z due to ADP (O) which was obtained 
after the  addit ion of 57.1 #M ATP. 

Fig. 5. Comparison of ks and k z. For  the determinat ion  of ks, 1.3o mg Subf ragment  I per  ml, 
and 57.1/*M ATP were used. For  the determinat ion  of kz, 0.65 or o.99 mg Subf ragment  I per  ml, 
and o.83 or o.87 mM ATP were used. ks ( 0 )  is the average wi th  the s tandard  deviation of 4 de- 
t e rmina t ions  and k S (O) is the average of 2 determinations.  
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ADP was measured as a function of the ADP concentration, as shown in Fig. 3. Data 
suggest a strong binding of ADP to Subfragment I as is the case of heavy mero- 
myosin ~. The minimum concentration of ADP needed to give the maximum AA 2 s s  m/~ 

was 8. 4 #M when AA 2 s s  m~/A 2s0 m/~ was used as the ordinate (Fig. 3). This concen- 
tration is 1.2 times the concentration of Subfragment I whose absorbance at 280 mp 
is I cm -1. 

The difference spectrum of Subfragment I which was due to the presence of 
a sufficient concentration of ATP or ADP was independent of the KC1 concentration, 
as seen in Fig. 4. The same tendency also has been seen in heavy meromyosin (F. 
MOI~ITA, unpublished results). 

Decay of the difference spectra of Subfragment i induced by ATP and of heavy 
meromyosin were similarly measured at the fixed wavelength of 293 m#. Data  were 
analyzed by the equation of CHANCE 16 using the half-life of the difference absorbance 
and the initial concentration of ATP and of Subfragment I (refs. 2, 3)- The calculated 
values of ks are shown in Fig. 5- As shown in Fig. 5, the Vie (ks) values also were 
determined from the initial velocity of the ATPase reaction at the steady state. Both 
ks and k 2 values agree within a wide range in the KC1 concentration. 

DISCUSSION 

As shown in Figs. I and 2, the shape of the difference spectra of Subfragment I 
induced by  ATP and by ADP were identical with those of heavy meromyosin. This 
suggests that  the higher-order structure of Subfragment I around the active site 
responsible for the spectral change is preserved when it is prepared from heavy mero- 
myosin. Furthermore, the difference spectra were independent of the KC1 concen- 
tration (Fig. 4), and ks and k2 values were in agreement (Fig. 5). These characteristics 
and those of heavy meromyosin are identical. The only variation in the difference 
spectra of both proteins is the reduction in AE values of Subfragment i to one-half 
of those of heavy meromyosin. Therefore, the reduction in AE values appears to be 
due to the original molecular structure of heavy meromyosin and not to a damage 
around the active site with the preparation of Subfragment I. 

By directly measuring the binding it has been shown that  2 moles of ATP or 
its analogs are bound per mole of myosin or heavy meromyosin 17-19 and that  I mole 
is bound per mole of Subfragment I (refs. 18, 20). The dependence on the concen- 
tration of the substrate2, 3 of the change in ultraviolet absorption of heavy mero- 
myosin has been studied. By using the stopped flow method, the minimum concen- 
tration of ATP needed to give the maximum change in AA was found to be twice 
the concentration of heavy meromyosin which was used 3. On the other hand, when 
ADP was employed as the substrate, the minimum concentration of ADP was equal 
to the concentration of heavy meromyosin 2. These results suggest that  the two binding 
sites in heavy meromyosin are heterogeneous with respect to the spectral change by 
the substrate. The apparent differences in the equivalent concentration of substrate 
needed to give the maximum spectral change may  be due to the differences in the 
mutual  binding constants of the substrate to the two binding sites under various 
conditions. Furthermore, as described in the preceding paper 3, the kinetic s tudy of 
the spectral change has shown that  only one of the two ATP binding sites works in 
the apparent  steady-state ATPase accompanying the ultraviolet difference spectrum 
on its Michaelis-Menten complex. 
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The following conclusion that  the reduction of AE values in Subfragment I to 
one-half those in heavy meromyosin is substantiated if it is accepted that  there is 
one binding site of substrate per subfragment particle, that there are 2 sites in I heavy 
meromyosin and that  only one of the two sites concern the spectral change by the 
binding of the substrate. Furthermore, the Subfragment i preparation must be 
heterogeneous with respect to the spectral change by the substrate as it contains 
two kinds of particles with the same molar ratio; one type of Subfragment I particle 
and not the other contains the site accompanying the spectral change by the binding 
of substrate. The binding site of the substrate not accompanying the spectral change 
may locate either on the same Subfragment I particle containing the site, which 
accompanies the spectral change, or on the other particle. Nevertheless, the two types 
of Subfragment I particles must have a similar size and shape because the Sub- 
fragment i preparation is hydrodynamically6,9,1~ homogeneous. Satisfying such 
criteria, there are several methods of deriving Subfragment I from heavy meromyosin, 
however, no unique answer has been obtained. 

As shown in Fig. 3, the minimum concentration of ADP needed to give the 
maximum change in absorbance was almost equal to the concentration of Sub- 
fragment I. When heavy meromyosin was used, a critical ADP concentration also 
was equal to the concentration of heavy meromyosin 2. Therefore, the binding of ADP 
to the site accompanying the spectral change must be stronger than to the other site 
in heavy meromyosin; however, they are nearly equal in Subfragment I. Affinities of 
the two sites in myosin or in heavy meromyosin to substrates are so similar that  
they are almost indistinguishable by equilibrium dialysis 17 or by gel filtration 19. 
Therefore, only a minor change in the affinity of either of the two sites may produce 
an apparent difference between heavy rneromyosin and Subfragment I, which may 
occur during the preparation of Subfragment I. 
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