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SUiw4RY. The initial rate of proton liberation during MgATP hydrolysis by 
myosin was followed in a stopped flow spectraphotometer: before and after 
treatment wit'? 5,5'-dithiobis-(?-nitrobenzoic acid)(DTNB) with and without 
removal of the corresponding light chain. At pan a, ~00, and in the presence 
of &$12, the biphasic pattern of the initial rate of proton liberation for 
native nryosin became monophasic following treatment with DTNB, remwal of the 
corresponding light chain, and regeneration of the steady state ATPase ac- 
tivity. The rate constant characterizing the single exponential term in- 
creased with MgATP concentration attaining a maximum value of 100 s-1 at 300 
,uM &ATP with an apparent 2' rate constant of 7 x 105 Mls-1, Both the bi- 
'phasic and monophasic pattern of initial proton liberetion observed for myo- 
sin and subfragment 1 respectively (Pemrick, S.M. and F.G. Walz, 1972. J. 
Biol. Chem. 247: 2959) can be explained by differences in the relative amounts 
of the DT?IB zht chain. 

Several laboratories have shown that an adequate description of the ini- 

tial rapid proton liberation (proton burst) observed during tine presteady 

state interaction of myosin with &ATP reqrires two exponential terms (1) (2), 

whereas, a single exponential term (similar to the faster of the two rate con- 

stants for myosin) is sufficient to describe this process for the isolated 

catalytic region of the myosin molecule, subfragment 1 (Sl) 3 (3)(2). Recent 

experiments by Koretz et al (3) describe a monophasic pattern of proton libera- -- 

tion for myosin, heavy meromyosin (HMM), and Sl, which contradict their earlier 
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findings (1). The present report shows that when the presteady stete pattern 

of proton liberation is observed under a variety of conditions two exponential 

terms are required to fit the data for native myosin. In addition this report 

gives an experimental explanation for the biphasic behavior of myosin. F@osin 

treated with DTYB releases approximately 80 percent of R single light chain 

component (plus minor amounts of two other light chain fractions (II), and upon 

regeneration of the thiol groups, tine EDTA-K'/Ca2'-steady state ATPase activi- 

ty is recovered (b)(5)(6). However, the presteady state pattern of proton 

liberation for DTIJB treated myosin is monophasic. mosin contains approximate- 

ly 2 moles and Sl 0.38 moles of the DTNB light chain (i:)(7). It is, therefore, 

suggested that differences between myosin end Sl in the presteady state pattern 

of proton liberation are due to differences in the relative amounts of the 

DTKB light chain. 

MATBRIALS AND METHCW 

Rabbit muscle myosin was prepared as described previously (2) and wps not 

subjected to either chrcmatography on DEAR sephsdex O? ammonium sulfate pre- 

cipitation. ~@~sin (15 m&ml) WFIS reacted with DTNB according to the proce- 

dure of Gazith et al (5) as described by Weeds and Lowey (4). The DTXB -- 

treated myosin was either: A) separated from the light chain fraction (di- 

lution-precipitation), solubilized in 1 M KU, and dialyzed against 0.5 M 

Tris-HCl, 5 mMDTT (pH 7.6) for several days; B) dialyzed directly against 

the above solution (reassociated myosin). 

Protein concentration WFS determined by a modified Lowry (8) or micro- 

biuret (9) procedure. 

The steady state ATPase activity was assayed by means of the pH stat 

(at pE; 6.9) (2) and the Taussky-Shorr (at pH 7.5) (10) method. The assay 

medium contained 0.5 M KCl, 2 .5 mM K2ATP and either 15 mM CeC12 (for the Ca2+- 

ATPase) or 1 mM K2EDTA (for the ROTA-KI-ATPese). Prior to assaying the EDTA- 

'CC-ATPase, the samples were incubated (1 hr., I!') in 10 mM K2EDTA, 0.5 M KCl. 

Electrophoresis on 10 percent pn4yecrylamide gels in 2 percent SDS end 
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Figure 1. Electrophoretic patterns and densitometric scans for native and 
treated myosin: P., native myosin; B, DTNEI treated qyosin with removal 
of the released light chain fraction: C, DTNB treated myosin followed 
by reassociation of the DTNB light chain. 140~ samples in 8 M 
urea, 1s SDS and 2; G-mercaptoethanol were applied to loCij gels. 
Conditions: 8mA/tube (5 hours) in 10 mM sodium phosphate buffer 
(pH 7.6), 1% SDS (11); stained in 1% fast green and scanned at 600 
ml. 

8 II urea followed the procedure of Veber and Osborn (11) as described for 

myosin (4). The eels were stained (1 hr.) in 1 percent fast green-7 percent 

acetic ecid (12), destained, and scanned at 600 nm (Gilford recording spectro- 

photometer with e linear transport attechment). 

A Durrum-Gibson stopped flow apparatus was used for the rapid kinetic 

studies. The "time constant" was alwsys set at less than l/10 of the hori- 

zontal setting of the oscilloscope. Determination of the initial rate of proton 

liberation and attainment of tine steady state rate were described previously (2). 

RESULTS 

The Ca 
2+ 

and EDTA-EC"-ATPase activities are essentially unaltered for 

DTXB trested myosin following sulfhydryl regeneration, when the light chain 

frpction has been removed (Table 1). The Ca2+- and EDTA-K'-ATPase velues m-e 

in the range reported by Weeds and Lowey (4). FIowever, if the DThB light 

chain is allowed to reassociate, only 20 percent of the original activity re- 

mains, which does not reflect a change in the conformation of the wosin mole- 

cule without reassocistion of the light chain. The reassociated myosin was 

diluted lO-fold, the precipitate removed, end the supernetnnt concentrated and 
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Figures 2 (left) and 3 (right). Oscilloscope traces of photomultiplier signsls 
due to the change in transmission after miximg myosin and MgATP. 
Final concentrations were: 3.7 ).&I myosin, 10 mM M&C12, 0.4 M KCl, 
50 

Y 
o-cresol sulfonephth8lein' end 60 ,u&! &ATP (left) or 30 ,uM Mg- 

AT (right); pH 8, PO", 572 nm. 
at full scale setting of 0.8 v. 

'Jertidal scele, 20 mV/division at 
irorizont81 sc8le for both Figs.: 

A, 50; I;, PO; C, 10 msec./division. 

analyzed for protein (A*&, microbiuret, and Lowry methods). The results were 

negative. 

Polyecrylamide gel electrophoresis of myosin in the presence of SDS and 

8 M urea gives the well established h b8nd psttern (Fig. 1) (13)(14)(15) de- 

signated KCl, K$, I.&, .! end MQ in order of decreasing mobility (14); VXl 8nd 

MIl, represent the alkali light ch8ins (4). It is essumed that MI2 8nd MI? 

represent the phosphorylsted and unphosphorylated forms of the DTUB light 

chain (15), however, no attempt was mede to quantitate the amount of bound 

phosphate in the present myosin preparation before or after treatment with !)Tm 

Protein analysis of the supernatant obtained upon precipitetion of DTNB 

treated wosin indicated 70-100 percent of the c8lculeted DTNB light chain 

h8d been removed. However, the electrophoretic pattern of this treated myosin 

indicates that MI3 and 60 percent of MI=, are absent. In addition minor amounts 

of the elkeli light ch8ins are removed (Fig. 1B). For reassociated myosin, the 

relative amounts of the 4 light ch8in fractions are similsr to those of native 
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TXXE 1. ETEADY STATE ATPrse ?.CTIVT'K?S 

CeP'n g?'VC- !,+a 
IQosin Preparation A .81 1, i3 22 .90. 
CTIZ-trerted- Preparation 1 /IT, . 'Lx' 2.5@ 

myosin ?, G .53 .'16 
Zeassocieted Preparation A .085 .lt: 

myosinc 
aAl1 deta expressed as,umoles Pi/min/mg and obtained by the Taussky-Shorr 

method (lo), unless'otherwise indicated. 
btx expressed as umoles Pi,!min!mg and obtained by the p'! stat method, 
cI.Qosin which has lieen reacted with 3TX? followed by reassociation of the 
DTI3 light chain. 

myosin; however, only a minor amount of the DTXB light chain persists as MI 3 

(Fig. 1C). 

The initial rate of proton liberation for myosin is ccmpared in Figs. 2 

and 3 at 2 V..ATP concentrations, and at several sweep speeds. .!t 60 JAM MgAT? 

(Figs. 2A and B) the oscilloscope trace appears flat (steady state) after ap- 

proximately 80-100 msec. A semilog plot of these data would suggest that 

they are best described by two expanential terms. iiwever, at a faster sweep 

speed (Fig. 2C) the biphasic pattern of the data is more apparent. The oscillo- 

scope trace is flat after 10 msec., but this does not indicate attainment of 

the steady state rate, since the above traces at slower sweep speeds indicate 

a steady state rate only after 80-100 msec. Therefore, 2 exponential terms 

are required to fit the data for native Iqyosin. This observation is confirmed 

at the lower MgATP concentration (Figs. 3, B, and C). 

The kinetics of the initial burst of proton liberation are simpl.ifled 

when the process is monophasic (Figs. 4A, i! and C). For myosin treated with 

DTIW and the corresponding light chain removed, at 2OOuM YgATP, and at 3 sweep 

speeds, a steady state rate of proton liberation is apparent after 60 msec. 

P semilog plot of the change in transmission as a function of time (Fig. 5) 

for the data in Pig. &I is linear. 'L*herefore, a single exponential term is 

sufficient to describe the approach to a steady state rate of proton liberation. 

The rate constant, k, describing the exponential term for the DTN? treated 
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.rure 4. (left . > Cscilloscope traces of the change in transmission after 
miximg 3T33 treated myosin and QATP. Final concentrations: 3.7 j.114 
DTK3 treated myosin, 200 uM I.'gATP, 10 mX ?4&12, 0.4 9: KCl, 50 ,W 
o-cresol sulfonephthalein, 0.5 ml4 DTT; pIi 8, 20°, 572 nm. Vertical 
scale: 50 mV,/division at a full scale of 0.8 V. ;Iorizontal scale: 
A, 50; 8, 20; c, 10 msec./division. 

Figure 5. (right . Semilog plot of the c'hange in transmission -fliti time obser- 
ved in trace k. 

myosin increases with t'ne I,'Q:TP concentration (Pig. 6). attaining a maximum 

value of 100 -' s et 300 yI4 MgATF. Tilere is some indication that the concen- 

tration dependence below 100 u!! I,&Z'F may not be linear. Assuming a linear re- 

lationship, the apparent 2O rate constant is 7[ x 10 5 Icls-1. 

If the DTEZ light chein is allowed to reassociate, the prestesdy state 

pattern of proton liberation appears to be biphasic. However, until it is 

possible to recover at least 75 percent of the steady state AT?ase activity 

(see Table l), these last results remain tentative. 

DISCUSS103 

The present results indicate that the rate constant characterizing the 

slower burst reaction for native rqyosin is due to the DTITa light chain. This 

observation does not contradict recent hypotheses (2)(x6) of interaction between 

the two Sl moieties of the myosin molecule characterized by the 2 rate constants 

for the initial proton liberation. Since a monophesic pattern of initial proton 

liberation is observed without complete removal of the DTYB light chain, and a 
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Figure 6. PTIZ treated myosiu. T'ne effect of &ATF 0x1 the time constant. 
Data are included from two preparations, nnd indicate for each @Xt'P 
concentration the mean and C.D.; 7.7 pJ1 DTW treated myosin, 0.4 hi 
KCl, 0.5 mN T‘TT, 50 ,uX o-cresolsulfonephthalein, and 10 mM MgCl2 
fins1 concerltrstions; p!f 3, 20°, 572 nm, 

small fraction of the Cl molecules mejr retain the DTYB light chain (h)(7), the 

data swgest either i&era&ion between sites or F heterogeneous population of’ 

myosin molecules, In the latter case, a threshold level of a particular popu- 

lotion is necessary before a biph>sic pattern of proton liberation is observed. 

The value of k at low N$TD concentrations measures the sppcrent rste of 

substrate binding, k+l (1)(17)(18). Although t2le vrlue of :;+l for DTZB treated 

myosin is simile-r ';o thet obtained for native myosin from rate me:,surements of 

phosphcte liberation (l?), it is lower by P factor of 2 frm the value obtained 

for myosin and S?. from rate measurements of proton liberetior,. Since the steady 

state ATPase activities are similar for myosin, native end JX'!SE treated, and Sl, 

the presteady strte reaction scheme may differ for Sl and DTYB treated myosin, 

and in the latter case there is an increase in the rate of an intermediate step. 

It is not ?rmwn whether or not pretreatment of native myosin with a phosphatase 

enzyme would result in a monophasic pattern of initial proton liberation. 
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