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SUMMARY, The initiel rate of proton liberstion during MgATP hydrolysis by
myosin was followed in » stopped flow spectrophotometer: before and after
treatment with 5,5'-dithiobis-(2-nitrobenzoic ecid)(DTNB) with snd without
removal of the corresponding light chain, At pHd 8, 20°, and in the presence
of MgCls,, the biphesic pstiern of the initial rate of proton liberstion for
native myosin beceme monophasic following trestment with DTNB, removal of the
corresponding 1light chsin, and regeneretion of the stesdy state ATPase sc-
tivity. The rate constent chsracterizing the single exponentisl term in-
creased with MgATP concentrstion attsining s maximum velue of 100 sl gt 300

MgATP with an sppsrent 2° rate constant of 7 x 10° M1s~1, Both the bi-
‘phasic and monophasic pattern of initisl proton liberstion observed for myo-
sin and subfregment 1 respectively (Pemrick, S.M. and ¥,G. Welz, 1972. J,
Biol., Chem., 247: 2959) can be explained by differences in the relative amounts
of the DTNB light chain.

Several lasborstories have shown thet sn adequste description of the ini-
tisl rapid proton liberation {proton burst) observed during the presteady
state interasction of myosin with MgATP requires two exponentisl terms (1) (2),
whereas, & single exponentisl 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 81 (3) describe s monophasic psttern of proton libera-

tion for myosin, hesvy meromyosin (HMM), =nd S1, which contredict their earlier
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findings (1). The present report shows that when the presteady stete pattern
of proton liberstion is observed under a vsriety of conditions two exponentisl
terms sre required to fit the dsta for nstive myosin, In addition this report
gives sn experimental explsnstion for the biphasic behavior of myosin., Myosin
treated with DTNB relesses spproximstely 80 percent of a single light chsin
component (plus minor emounts of two other light chain frections (1), and upon
regenerstion of the thiol groups, the EDTA-K%/C82+-steady stete ATPase activi-
ty is recovered (L){5)(6). However, the prestesdy stete pattern of proton
liberstion for DTIB trested myosin is monophasic. Myosin contains approximate~
1y 2 moles »nd S1 0.33 moles of the DTNE light chain (L)(7). It is, therefore,
suggested thet differences between myosin end S1 in the presteady state pettern
of proton liberstion ere due to differences in the relstive smounts of the

DTNB light chein,

MATERTALS AND METHODS

Rebbit muscle myosin wes prepared as described previously (2) end w=s not
subjected to either chromatogrsphy on DEAE sephsdex or smmonium sulfete pre~
cipitation. Myosin (15 mg/ml) was rescted with DTNB according to the proce-
dure of Gazith et al {5) as described by Weeds and Lowey (L), The DTWB
treated myosin was either: A) separated from the light chein fraction (di-
lution-precipitetion), solubilized in 1 M KCl, snd dislyzed sgeinst 0.5 M
Tris~HC1l, 5 mM DTT (pH 7.6) for several days; B) dislyzed directly sgainst
the above solution (reassocisted myosin).

Protein concentration wzs determined by a modified Lowry (8) or micro-
biuret (9) procedure,

The steady stste ATPase activity was szssayed by meens of the pH stat
(2t pH 6.9) (2) end the Taussky-Shorr (st pH 7.5) (10) method. The assay
medium conteined 0.5 M KC1, 2.5 mM KpATP and either 15 mM CeCls (for the ca?t-
ATPase) or 1 mM K,EDTA (for the EDTA-K'-ATPase)., Prior to assaying the EDTA-
K*-ATPase, the semples were incubated (1 hr., 1°) in 10 mM K;EDTA, 0.5 M KC1,

Flectrophoresis on 10 percent polyecrylemide gels in 2 percent SDS end
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Figure 1. Electrophoretic patterns snd densitometric scans for nstive and
trested myosin: A, netive myosin; B, DTNB treated myosin with removsl
of the relessed light chein fraction; C, DTNB treated my031n followed
by reassociation of the DTNB light chain. 140 g samples in 8 M
ures, 1% SDS and 2L(¢-mercaptoethanol were applied to 107 gels,
Conditions: 8mA/tube (5 hours) in 10 mM sodium phosphate buffer
(pH 7.6), 1% SDS (11); steined in 19 fast green and scenned st 600
nm,

8 M ures followed the procedure of “eber and Osborn (11) =s described for
myosin (4), The gels were stained (1 hr,) in 1 percent fsst green-7 percent
scetic ecid (12), destsined, and scenned st 600 nm (Gilford recording spectro-
photometer with e linesr transport attechment),

A Durrum-Gibson stopped flow spperastus wss used for the rapid kinetic
studies. The "time constent” was alwsys set at less than 1/10 of the hori-
zontal setting of the oscilloscope. Determination of the initial rste of proton

liberation end etieinment of the steady stete rate were described previously (2).

RESULTS

The Ca°' and LDTA-X*-ATPsse sctivities sre essentially unaltered for
DTNB trested myosin following sulfhydryl regeneration, when the 1light chsin
frection hes been removed (Tsble 1). The Ce2*. and EDTA-K'-ATPase velues sre
in the range reported by Weeds snd Lowey (4). However, if the DTNB light
cisin is allowed to resssociste, only 20 percent of the originel activity re-
m=ins, which does not reflect » chenge in the conformstion of the myosin mole-
cule without resgsocietion of the light chsin. The reassocisted myosin wes

diluted 10-fold, the precipitate removed, end the supernstant concentrated and
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Figures 2 (left) and 3 (right). Oscilloscope traces of photomultiplier signels
due to the chenge in transmission after miximg myosin and MgATP.
Finel concentrestions were: 3.7 uM myosin, 10 mM MzClp, 0.4 M kc1,
SOﬁuM o-cresol sulfonephthalein 2nd 60 m¥ MgATP (left) or 30 uM Mg-
ATP (right); pH 8, 20°, 572 nm, Vertical scele, 20 mV/division at
at full scale setiing of 0,8 V. IHorizontal scale for both Tigs,:
A, 50; B, 20; C, 10 msec,/division,

anelyzed for protein (Apgy, microbiuret, snd Lowry methods). The results were
negetive.,
Polyacrylamide gel electrophoresis of myosin in the presence of SDS snd
8 M urea gives the well established b band psttern (Fig. 1) (13)(14)(15) de-
signated MI;, M, MI,, end MI), in order of decressing mobility (14); MIy end
MI), represent the slkali light cheins (4), It is sssumed thet MIp end MI
represent the phosphorylsted and unphosphorylated forms of the DTNB light
chain (15), however, no sttempt wss msde to quentitate the smount of bound
phosphate in the present myosin preparstion before or sfter treatment with prNB
Protein analysis of the supernstant obtained upon precipitetion of DTNB
treated myosin indicated 70-100 percent of the calculated DTNB light chain
had been removed, However, the electrophoretic psttern of this treated myosin
indicates that MI3 and 60 percent of MI, are absent. Tn addition minor amounts
of the alksli light chains sre removed (Fig. 1B). For reassociated myosin, the

relative emounts of the 4 light chain fractions sre similer to those of native
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TABIE 1. CTEADY STATE ATPase ACTIVITIES
ce?t? I
Myosin Preparation A RIS .31
" B .66 .90,
DTIE=trested- Preperstion A el 2,500
myosin " B .53 .76
Resssociated Freparstion A .085 .18
myosin€

2711 deta exprecsed =5 umoles Pi/min/my 2nd obtained by the Taussky-Shorr
method (10), unless otherwise indicsted,
bpata expressed =5 umoles Pi/min/mg snd obtsined by the pY stet method,
CMyosin which hes been reacted with DTUB followed by resssocistion of the
DTUB light chain.

myosin; however, only a minor emount of the DTNB light chain persists as M13
(Fig. 1C).

The initisl rate of proton liberation for myosin is compsred in Figs. 2
and 3 st 2 MgATP concentretions, and at several sweep speeds. At 60,uM MgATP
(Figs. 2A ond B) the oscilloscope trace sppears flst (stesdy state) after ap-
proxinstely 80-100 msec, A semilog plot of these dats would suggest thst
they are best described by two expomentisl terms, However, at » faster sweep
speed (Fig. 2C) the biphssic pattern of the data is more spparent. The oscillo-
scope trace is flat after 10 msec,, but this does not indicate stteinment of
the steady state rete, since the sbove traces st slower sweep speeds indicate
a steady stete rate only after 80-100 msec. Therefore, 2 exponentisl terms
are required to fit the data for native myosin, This observation is confirmed
at the lower MgATP concentration (Figs. 3A, B, and C).

The kinetics of the initial burst of proton liberation esre simplified
when the process is monophssic {Figs. LA, B and C). For myosin trested with
DTAB snd the corresponding light chain removed, at 200 JaM MgATP, and at 3 sweep
speeds, a steady state rate of proton liberation is spparent after 60 msec.
? semilog plot of the chenge in trensmission ss s function of time {Fig. 5)
for the dsts in Pig. 4C is linesr. ‘Therefore, » single exponentiel term is
sufficient to describe the approach to 2 steady stete rate of proton liberstion.

The rete constsnt, k, describing the exponentisl term for the ITHE trested
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Tigure b, {left). Oscilloscope traces of the change in transmission »fter
miximg DTNB trested myosin snd MgATP., Final concentrations: 3.7 Jabl
DTNB treated myosin, 200 pM IgATP, 10 md MgClp, O.4 M KC1, SO m¥'
o-cresol sulfonephthalein, 0.5 mM DTT; pk 8, 20°, 572 mm, Vertical
scale: 50 mV/division st 2 full scale of 0.8 V, Horizontal scale:
A, 50; B, 20; C, 10 msec./division,

Figure 5, (right). Semilog plot of the change in transmission with time cbser-
ved in trace UC.

myosin incresses witih the MgATP concenirstion (Fig., 6). stteining » mesximum
velue of 100 s'l at 300 )JM MgATP, There is some indicstion that the concen-
tration dependence below 100 p MgATP may not be lineer. Assuming s linesr re-
1lationship, the spparent 2° rete constent is 7 x 105 M"ls-l.

If the DT¥D 1light chein is sllowed t0 reassociste, the presteesdy state
pattern of proton liveration appears to be bipnesic., However, until it is
possible to recover 2t lesst 75 percent of the stesdy state ATDsse zctivity
(see Toble 1), these lest results remsin tentstive.

DISCUSSION

The present results indicate thet the rate constant chesracterizing the
slower burst reaction for native myosin is due to the DTNB light chain. This
observetion does not contradict recent hypotheses {2)(16) of interaction between
the two 51 moieties of the myosin molecule characterized by the 2 rete constants
for the initiel proton liberstion. Siace e monophasic pattern of initiel proton

liberetion is observed without complete removal of the DTNB light chain, and o
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Figure 6. DTHB trested myosin., The effect of MgATP on the time constant,
Tate ere included from two prepsretions, and indicste for each MgATP
concentration the mesn and 7.D,5 3.7 pM DTNH treated myosin, ok M
KC1l, 0.5 mM DTT, 50 mM o-cresolsulfonephthslein, snd 10 mM MgCls
finzl concentrstions; pH 8, 20°, 572 nm,

small frection of the C1 molecules msy retsin the DTWB light chain (L)(7), the
data suggest either intersaction between sites or » heterogeneocus populetion of
myosin molecules, In the letter cease, 2 threshold level of a2 psrticulsr popu-
lotion is necessary before a biph»sic pattern of proton liberation is observed,
The velue of k st low M¢ATP concentraztions messures the spparent rete of
substrate binding, k+1 (1)(17){(18). Although the value of 4] for DT trested
myosin is similsr Jo thot obUained for native myosin from rate messurements of
phospn=te liberation (17), it is lower by » factor of 2 from the velue obtained
for myosin and S1 from rate measurements of proton liberstion, 3Since the steedy
state ATP=se sctivities are similar for myosin, native and LTHB trested, snd C1,
the presteasdy stsie reaction scheme may differ for S1 and DTVB trested myosin,
snd in the lstter cese there is an increase in the rate of en intermediate step.
It is not !mown whether or not pretreatment of native myosin with a phosphatase

enzyme would result in » monophasic psattern of initisl proton liberation.
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