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ABSTRACT: Spectral changes accompanying the binding of the nonionic detergent n-octyl 8-D-glucopyranoside
(n-octyl glucoside) to cytochrome P-450; s, purified from liver microsomes of phenobarbital-treated rabbits
have been compared to changes in catalytic activity obtained in a reconstituted system consisting of various
levels of detergent, P-450; 15, and NADPH-cytochrome P-450 reductase. In the absence of substrate and
reductase, addition of n-octyl glucoside to 2-3 mM resulted in a difference spectrum (detergent-bound minus
detergent-free cytochrome) characterized by a small maximum at 390 nm and a minimum at 410 nm,
suggestive of a slight stabilization of the high-spin (S = 3/,) state of the cytochrome. As the detergent
concentration was increased to 4-8 mM (corresponding to maximal activity and pentameric or hexameric
P-450), a new peak appeared at 427 nm while the minimum remained at 410 nm. Between 10 and 30 mM
n-octyl glucoside (conditions which produced catalytically inactive and monomeric P-450) the minimum
in the difference spectrum shifted to 390 nm and the maximum to 425 nm, characteristic of a shift in spin
equilibrium toward low-spin (S = !/,) cytochrome. At low and high detergent concentrations, substrate
[d-benzphetamine with n-octyl glucoside or cyclohexane with the zwitterionic detergent 3-[(3-cholamido-
propyl)dimethylammonio]-1-propanesulfonate (CHAPS)] was bound to P-450; y;, with formation of high-spin
P-450, although the increase in high-spin cytochrome was less at high detergent levels than at low. The
affinity of P-450 for substrate decreased by 2—-3-fold at high detergent. The decreased substrate affinity
is not, however, sufficient to explain the depletion of catalytic activity observed with high detergent.
Furthermore, a correlation between spin state and catalytic activity at high detergent levels was not evident.
The data suggest the presence of at least two classes of binding sites for amphiphiles: high-affinity site(s)
that may correspond to a site essential for catalytic activity and low-affinity site(s) that become accessible
as P-450 disaggregates.

Cytochrome P-450 ! the major P-450 isozyme induced
in rabbit liver by phenobarbital, catalyzes xenobiotic hy-
droxylation when reconstituted in solution at a 1:1 molar ratio
with NADPH-cytochrome P-450 reductase in the presence of
an amphiphile (Coon et al, 1976; Miwa et al,, 1979;
Guengerich & Holladay, 1979; French et al., 1980; Dean &
Gray, 1982; Wagner et al., 1984). The reaction requires
NADPH, molecular oxygen, and substrate, and the rates
achieved are similar to those observed with intact microsomes
(White & Coon, 1980). We recently demonstrated that the
nonionic detergent n-octyl glucoside (Baron & Thompson,

t This work was supported in part by National Institutes of Health
Grant GM25738. S.L.W. is a Predoctoral Fellow of the James Graham
Brown Cancer Center, University of Louisville.

1975) or the zwitterionic detergent CHAPS (Hjelmeland,
1980) substituted for phospholipid in reconstituted catalytic
activity (Dean & Gray, 1982; Wagner et al., 1984). Hy-
drodynamic studies showed that maximum catalytic activity
with either detergent occurred in the absence of formation of
a stable complex between P-450 and NADPH-cytochrome
P-450 reductase. In the case of n-octyl glucoside, maximum
rates of d-benzphetamine demethylation occurred at 4-8 mM
detergent (depending on the preparation used); activity de-

! Abbreviations: P-450y ), the cytochrome P-450 isozyme induced
in rabbit liver by phenobarbital; CHAPS, 3-[(3-cholamidopropyl)di-
methylammonio]-1-propanesulfonate; n-octyl glucoside, n-octyl 8-p-
glucopyranoside; di-12-GPC, dilauroylglyceryl-3-phosphocholine; re-
ductase, NADPH-cytochrome P-450 reductase.
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creased to zero as the n-octyl glucoside concentration was
increased to 24 mM. P-450; ), was pentameric to hexameric
and the reductase monomeric at maximal activity; the cyto-
chrome disaggregated to monomers at the higher detergent
concentration. A similar apparent correlation between cyto-
chrome aggregation state and activity was demonstrated with
CHAPS when cyclohexane hydroxylation was monitored by
the reconstituted system: at 2 mM CHAPS where the system
was active, the reductase was dimeric and P-450 was pen-
tameric, while at 20 mM CHAPS, little catalytic activity was
exhibited, and the cytochrome was monomeric. Accompanying
P-450 disaggregation at higher levels of CHAPS (10~-20 mM)
was a change in the Soret band of the ferric cytochrome. This
CHAPS-induced difference spectrum indicated an altered
equilibrium between the high-spin and low-spin states of the
porphyrin iron with a slight increase in the low-spin form.

Since changes in spin state have been suggested to modulate
the reduction rate of the ferric cytochrome (Sligar et al., 1979;
Rein et al., 1979; Backes et al., 1982; Tamburini et al., 1984),
it is important to determine if the detergent abolished activity
by causing formation of low-spin P-450. Phospholipids such
as di-12-GPC have been shown to promote high-spin cyto-
chrome formation, to alter the affinity of P-450; \, for the
reductase and substrate, and to promote formation of a stable
complex between these two proteins (Coon et al., 1976). In
the present paper we studied the ability of two substrates with
different amphipaths to elicit a characteristic type I? spectral
shift of P-450 s, in an attempt to elucidate the nature of the
stimulative and inhibitory effects exerted by the two detergents.

EXPERIMENTAL PROCEDURES

Materials. Cytochrome P-450 was purified from the liver
microsomes of male New Zealand rabbits weighing approx-
imately 2 kg. The rabbits drank 0.1% aqueous sodium phe-
nobarbital for 4 days prior to killing. Two individual prepa-
rations of P-450; \s, were used in these experiments. For the
first, the purification procedure was similar to that described
previously (Coon et al., 1978; Dean & Gray, 1982). For the
second, a chromatographic step utilizing carboxymethyl-
Sephadex C-50 (Imai et al., 1980) was used subsequent to
hydroxylapatite chromatography. For both preparations, the
purified cytochrome was washed free of detergent with 0.15
M potassium phosphate, pH 7.5, 20% glycerol, and 0.5 mM
EDTA (hereafter referred to as phosphate buffer) while bound
to a hydroxylapatite column (Wagner et al.,, 1984). The
specific content of preparation 1 was 12.3 nmol/mg of protein;
that of preparation 2 was 16 nmol/mg of protein. In each case
the purified P-450; y, was homogeneous as judged by poly-
acrylamide gel electrophoresis (Laemmli, 1970). The protein
was concentrated to 50 or 80 uM in phosphate buffer and
stored at =20 °C. CHAPS was recrystallized according to
Hjelmeland (1980). Cyclohexane, d-benzphetamine, n-octyl
glucoside, and dilauroylglyceryl-3-phosphocholine were used
as received.

Methods. Cytochrome P-450 concentration was estimated
by the carbon monoxide difference spectral method (Omura

2 The ferric iron of P-450 exists in a thermal equilibrium between a
high-spin state characterized by an absorption maximum near 390 nm
and a low-spin state characterized by a Soret maximum near 420 nm.
In addition, the high-spin state exhibits bands at 500 and 650 nm. Type
I substrates tend to stabilize the high-spin state by binding at the active
site, while type II substrates coordinate directly to the iron atom and
thereby stabilize the low-spin state. A direct correlation between the
optical spectra and spin state specific EPR signals has been demonstrated
(White & Coon, 1980; Schenkman et al., 1981).
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& Sato, 1964) or by the absorbance at 417 nm using an
absorptivity to 110 mM™! cm™ (Haugen & Coon, 1976).
Protein concentration was estimated by the method of Lowry
et al. (1951) with bovine serum albumin as standard.

Optical spectra were recorded from 700 to 300 nm at in-
tervals of 1 nm or from 500 to 300 nm at intervals of 0.5 nm
on a Varian-Cary 219 spectrophotometer interfaced to an
OLIS Model 3820 data acquisition system (On-Line Instru-
ment Systems, Jefferson, GA). Individual spectra were stored
on magnetic diskettes for later processing. Solutions were
maintained at 20 £ 0.1 °C with a thermostated water bath
and circulator system. The sample curvette contained P-450
which was diluted into the phosphate buffer, and the reference
curvette contained phosphate buffer. Detergents, phospholipid,
and substrate were added to both curvettes from concentrated
stock solutions with a Hamilton microliter syringe. n-Octyl
glucoside induced difference spectra were generated by com-
puterized subtraction of the spectrum of P-450 obtained ini-
tially in the absence of detergent from the spectra recorded
after successive additions of the detergent. Difference spectra
induced by substrate were generated by subtracting the
spectrum recorded in the presence of the amphiphile from that
of the cytochrome in the presence of substrate plus amphiphile.
Corrections for dilution were made. The substrate-induced
AA,, values were obtained by plotting the reciprocal of the
AAsg; — AAy 4 value vs. the reciprocal of the corresponding
substrate concentration. The change in high-spin P-450 was
estimated from this extrapolated A4, value by using Ae =
110 mM™! cm™ for Aeyg; — Aeyy; (Peterson, 1971; Cinti et al.,
1979).

RESULTS

n-Octyl Glucoside Induced Difference Spectra of P-450y,,.
Figure 1 illustrates the complex series of spectral changes
observed when P-450; s, was titrated with n-octyl glucoside.
Difference spectrum 1 in Figure 1A shows that 0.6 mM de-
tergent resulted in the appearance of a small peak at 390 nm
and a trough at 420 nm. This change resembles a type I
difference spectrum and may indicate a slight increase in
high-spin cytochrome. At detergent levels of 1.45 and 2.9 mM
(spectra 2 and 3, Figure 1A) there was a general increase in
absorbance at 390 nm, a decrease at 410 nm, and the ap-
pearance of a new peak at 427 nm. With further additions
of detergent (7.9, 13.3, and 23.8 mM; spectra 1, 2 and 3 of
Figure 1B), the minimum in the difference spectrum shifted
from 410 to 390 nm while the peak at 427 nm increased in
magnitude and shifted to 425 nm. These spectral changes
suggest that highest detergent levels increased the fraction of
low-spin P-450.

In data not shown, the reversibility of the spectral shifts
induced by high n-octyl glucoside concentration was demon-
strated by diluting a P-450 solution which was 24 mM in
detergent to a detergent concentration of 1.45 mM. The
resulting spectrum (after correction for dilution) was almost
identical with one recorded originally at 1.45 mM detergent.
The small difference between the two (<6% at 417 nm) re-
sembled the spectrum of the cytochrome, indicating that the
discrepancy probably resulted from a slight difference between
the calculated and experimental dilution factors.

Titration curves derived from a series of P-450 difference
spectra induced by rn-octyl glucoside are shown in Figure 2.
Changes in the millimolar absorptivity differences at two
wavelength pairs (390-410 and 425-390 nm) are plotted.
These wavelength pairs were chosen as an indicator of low-spin
— high-spin conversion and high-spin — low-spin conversion,
respectively. The curves show at least two binding phenomena.
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FIGURE 1: Difference spectra of cytochrome P-450; p, induced by
various concentrations of n-octyl glucoside. Absolute spectra were
recorded by computer at the following n-octyl glucoside concentrations:
(panel A) spectra 1-3, 0.6, 1.45, and 2.9 mM n-octyl glucoside,
respectively; (panel B) spectra 1-3, 7.9, 13.3, and 23.8 mM n-octyl
glucoside, respectively. The difference spectra were generated by
subtraction as indicated under Experimental Procedures. The con-
ditions were [P-450] = 10 uM (specific content 16.0 nmol/mg), 0.15
M potassium phosphate, pH 7.5, 20% glycerol, and 0.5 mM EDTA,
206

& Millimolar Absorptivity

[n-Octylglucosidel  (mM)

FIGURE 2: n-Octyl glucoside binding to cytochrome P-450y,,, de-
termined at the wavelength pairs 390-410 (O and A) and 425-390
nm (M and A). The binding curves were determined for two different
P-450 preparations by using spectral titrations similar to those in Figure
1. [P-450] = 10 uM, specific content 16.0 nmol/mg (A and A);
[P-450] = 9.7 uM, specific content 12.3 nmol/mg (M and O). Other
conditions were the same as in Figure 1.

At lower detergent concentrations a small increase in Aeygq 410
is evident and appears to approach saturation at about 5-8
mM n-octyl glucoside. There is a negligible increase in
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FIGURE 3: Titration of cytochrome P-450, \, (specific content 12.3
nmol/mg) by d-benzphetamine in the presence of n-octyl glucoside.
(Panel A) [P-450] = 5.7 uM, [n-octyl glucoside] = 10 mM, and
[d-benzphetamine] = 0.11, 0.22, 0.43, 0.64, 0.83, and 1.0 mM, re-
spectively; (panel B) [P-450] = 5.4 uM, [n-octyl glucoside] = 24 mM,
and [d-benzphetamine] = 0.21, 0.32, 0.42, 0.62, 1.0, and 1.33 mM,
respectively. Other conditions were the same as in Figure 1.

Aeyys 300 at these detergent levels. At detergent levels above
10 mM, the absorbance changes at (425-390 nm) are indi-
cative of a cooperative process that approached saturation at
detergent concentrations greater than 20-30 mM. The de-
tergent concentration required for saturation varied somewhat
depending on the preparation of the cytochrome used. Similar
spectral changes were also observed at lower cytochrome
concentration (data not shown).

Substrate-Induced Spectral Changes of P-450,,, in the
Presence of Different Amphiphiles. The spectral changes in
Figure 1B are characteristic of detergent-induced stabilization
of low-spin P-450 at the expense of the high-spin form. In
order to investigate the effect of detergent-induced changes
in spin equilibrium on substrate binding affinity, the ability
of cyclohexane and d-benzphetamine to elicit a type I dif-
ference spectrum was assessed in the presence of CHAPS,
n-octyl glucoside, and phospholipid. The two substrates were
chosen because they have similar high turnover numbers with
P-450; \s; in the reconstituted system (Coon, 1978; Dean &
Gray, 1982; Wagner et al., 1984) and both are type I sub-
strates (Schenkman et al., 1967; van der Hoeven et al., 1974,
Hashimoto-Yutsudo et al., 1980). Figure 3 illustrates typical
titrations of P-450y s, by using these substrates with different
amphiphiles at different concentrations. The substrate and
amphiphile in the experiment shown were d-benzphetamine
and n-octyl glucoside at either 10 (Figure 3A) or 24 mM
(Figure 3B). The maxima and minima in the difference
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Table I. Binding of Type I Substrates to P-450;y, in the Presence of Different Amphiphiles?

substrate-specific

rate of NADPH

oxidation {nmol of
NADPH (nmol of

% change in
high-spin P-450 at

[amphiphile] (mM) Ky (mM) saturation P-450)"! min™']
n-octyl glucoside + 10 0.5 339 20
d-benzphetamine 24 1.0 20.4 0
CHAPS + 2 0.3 29.8 27
cyclohexane 20 0.9 15.9 S
phosphatidylcholine 0.05 0.3 452 55

+ cyclohexane

9The apparent dissociation constant (K,) was derived from the slope of the lines in Figure 4. The percent change in high-spin P-450 was calculated
from (Aesg; ~ Aeqyz/110 mM™ em™) X 100 (Peterson, 1971); Aesgr — Aeyy7 Was obtained from the ordinate intercepts of Figure 4. The NADPH

oxidation rates are from Dean & Gray (1982) and Wagner et al. (1984).
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FIGURE 4: Reciprocal plots of spectrophotometric titration of cyto-
chrome P-450 , by substrate with different amphiphiles. The plots
were derived from titrations similar to those shown in Figure 3.
Cyclohexane and 20 mM CHAPS (B); d-benzphetamine and 24 mM
n-octyl glucoside (0); d-benzphetamine and 10 mM n-octyl glucoside
(A); cyclohexane and 2 mM CHAPS (a); cyclohexane and 0.05 mM
di-12-GPC (0). The millimolar absorptivities were calculated from
the differences AA4;37 — AA,;,. Other conditions were the same as
in Figure 1.

spectra are at ~385 and ~417 nm, with isosbestic points at
~407 and ~448 nm; these are typical type I difference
spectra. Titrations were also carried out with d-benzphetamine
in the presence of 0.05 mM di-12-GPC and cyclohexane and
in the presence of 2 or 20 mM CHAPS (data not shown). The
isosbestic points, maxima and minima, were identical with
those of Figure 3. It is apparent from these data that both
substrates induce a low-to-high-spin transition even at high
detergent concentration where the system was inactive in
NADPH-supported hydroxylation.

Reciprocal plots derived from these titrations are displayed
in Figure 4 and demonstrate that the affinity of P-450; , for
substrate depends on both the structure and concentration of
the amphiphile. A relatively high affinity of cyclohexane or
d-benzphetamine for P-450; \, occurs with 0.05 mM di-12-
GPC, 2 mM CHAPS, or 10 mM n-octy! glucoside. Somewhat
lower affinity for substrate is evident with higher CHAPS (20
mM) or n-octyl glucoside (24 mM) concentration. The ex-
trapolated values of A4, obtained at saturation with these
substrates also depended on the structure and concentration
of the amphiphile, as illustrated by the intercepts at the or-
dinate of Figure 4.

Turnover numbers, apparent dissociation constants, and the
percentage change of high-spin P-450 with different amphi-
philes and substrates are summarized in Table I. Although
the K, values increased somewhat in the presence of elevated
detergent, the decrease in apparent affinity is not large enough

to account for the abolition of catalytic activity at these de-
tergent concentrations. Furthermore, cyclohexane in the
presence of high CHAPS concentration and d-benzphetamine
in the presence of high n-octyl glucoside concentration in-
creased the proportion of high-spin ¢ytochrome, although to
a lesser degree than at lower detergent concentrations. This
behavior is to be expected from consideration of thermody-
namically linked equilibria. Finally, there is no apparent
correlation between turnover number in these systems and the
fraction of high-spin heme iron.

DiscussioN

In work reported earlier (Wagner et al., 1984) CHAPS was
shown by difference spectroscopy to promote spectral shifts
in the Soret band of ferric P-450; ;. At 2-5 mM, CHAPS
caused a small increase in absorbance at 390 nm and a de-
crease at 420 nm. Similar behavior was consistently observed
in the present study with comparable concentrations of n-octyl
glucoside. Although such changes are characteristic of an
increase in high-spin cytochrome, the small magnitude along
with the appearance (at high detergent levels) of changes in
overlapping regions of the spectrum make the assignment of
these changes to perturbations in spin equilibrium somewhat
uncertain. Furthermore, the lack of isosbestic points and the
multiphasic titration curves obtained on comparison of dif-
ferent wavelength pairs indicates the presence of at least three
spectrally distinct species of P-450, two of which may be
different low-spin forms. In the previous study, increasing
CHAPS to 10-20 mM caused a spectral change similar to a
reverse type I difference spectrum, which suggests that the
zwitterionic detergent caused an increase in the amount of
low-spin P-450. The present results show that similar levels
of n-octyl glucoside also increase the fraction of low-spin cy-
tochrome; however, the maximum in the difference spectrum
was at 425 nm and the minimum was at 390 nm, which differ
significantly from those recorded with high CHAPS concen-
tration (427 and 392 nm). These shifts in maxima and minima
in the difference spectra suggest that different low-spin forms
of P-450 exist in the presence of the different detergents.

The monomeric protein formed in the presence of either 24
mM n-octyl glucoside or 20 mM CHAPS was shown not to
hydroxylate xenobiotics in a reconstituted system with
NADPH-cytochrome P-450 reductase (Dean & Gray, 1982,
Wagner et al.,, 1984). However, the cytochrome in the
presence of 20 mM CHAPS retained the ability to hydroxylate
substrate in a reaction supported by cumene hydroperoxide
(Wagner et al., 1984). P-450 in high detergent concentrations
therefore can productively interact with substrate. It has been
postulated that NADPH-supported mixed function oxidase
depends in mammalian systems on the P-450 spin state (Sligar
et al., 1979; Rein et al., 1979; Tamburini et al., 1984). Blanck
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and co-workers (1983) reported a correlation between the
extent of aerobic reduction of P-450; , by NADPH-P-450
reductase and the increase in high-spin cytochrome caused by
phospholipid. Sligar et al. (1979) showed modulation of the
redox potential of partially purified rat liver cytochrome P-450
through thee spin state of the heme iron. On the other hand,
Guengerich (1983) found no correlation between activity and
spin state. The hydroperoxide mechanism (Nordbloom et al.,
1976) should be independent of spin state. Thus, a possible
explanation for the lack of activity seen in the reductase-de-
pendent reaction at high detergent might be the inability of
the substrate to overcome the detergent-induced stabilization
of low-spin P-450 and to promote formation of high-spin P-450.
Our results indicate that the lack of activity at high detergent
concentration, however, is not a direct result of the inability
of substrate to shift the spin equilibrium toward the high-spin
state. Neither can it be attributed to failure to bind substrate.
Thus, either the monomer itself is for some reason catalytically
incompetent or else detergent binding at the low-affinity sites
blocks productive interaction between P-450,, and reductase.

These studies provide direct evidence in addition to our
earlier indirect evidence (Dean & Gray, 1982) that detergent
binds to P-450 sites of both relatively high as well as lower
affinity. The high-affinity site(s) may represent an allosteric
effector site, which, when occupied, induces formation of a
catalytically active conformation of the protein. There is
already considerable evidence that binding of an amphiphile
to P-450; \, induces a protein conformational change. Coon
et al. (1976) showed that phospholipid increases substrate
affinity of P-450. Chiang & Coon (1979) showed by circular
dichroism measurements that phospholipid induces a confor-
mational change in P-450, and White & Coon (1982) also
suggested that a conformational change may play a role in
P-450, ), action. Comparison of the binding kinetics of CO
to ferrous P-450; \, in the presence and absence of phospho-
lipid and substrate or detergent plus substrate also demon-
strated that simultaneous binding of these ligands resulted in
an altered conformation of the cytochrome (Gray, 1983).
Finally, adrenal P-450,_ possesses a cardiolipin binding site
that, when occupied, promotes substrate binding (Lambeth,
1981; Lambeth et al., 1982; Pember et al., 1983).

Miiller-Enoch et al. (1984) recently reported that P-450 and
reductase form an active complex in the absence of phos-
pholipid if high concentrations of both enzymes are incubated
for rather long times. It is conceivable in this case that the
role of the amphiphile is tendered by the reductase itself. The
hydrophobic membrane-anchoring peptide of reductase (Black
& Coon, 1982) might bind at high concentrations to P-450
at the proposed amphipathic effector site.

When compared to di-12-GPC, the ability of the detergents
to enhance the catalytic activity of P-450y,, toward type I
substrates, despite the inability of these amphiphiles to stabilize
high-spin P-450, suggests that the proposed effector site on
P-450y \(, may operate by a mechanism independent of changes
in cytochrome spin state or substrate affinity. Perhaps the
conformational change brings the activated oxygen and sub-
strate into juxtaposition for productive hydroxylation (Gray,
1982). Such a mechanism would also provide a role for am-
phiphaths which are required for hydroxylation by the organic
hydroperoxide-supported mechanism.
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Transient Kinetics of Adenosine 5'-Triphosphate Hydrolysis by Covalently

Cross-Linked Actomyosin Complex in Water and 40% Ethylene Glycol by the

Rapid Flow Quench Method'
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ABSTRACT: The initial steps of the ATPase of covalently cross-linked actomyosin subfragment 1 (acto-SF-1)
were studied by the rapid flow quench method, and the results obtained were compared with those with
reversible (i.e., non-cross-linked) acto-SF-1 and SF-1 under identical conditions. Cross-linked acto-SF-1
plus [y-32P]ATP reaction mixture milliseconds old was quenched either in a large excess of unlabeled ATP
(ATP chase) or in acid (P; burst). The conditions were pH 8 and 15 °C at 5 mM or 0.15 M KCl and with
or without 40% ethylene glycol. In 40% ethylene glycol (5 mM KCl), as with SF-1 and reversible acto-SF-1,
the ATP chase was used to titrate active sites and to study the kinetics of ATP binding. Unlike those with
SF-1 or reversible acto-SF-1, saturation kinetics were not obtained. The second-order rate constant for
ATP binding was 3.1 X 106 M~ 57! for cross-linked acto-SF-1, 1.8 X 108 M~! s7! for reversible acto-SF-1,
and 2 X 108 M~ s7! for SF-1. In P; burst experiments, a transient phase could not be discerned. Because
of a high k,,, cross-linked acto-SF-1 was difficult to study in aqueous solution, but at 5 mM KCI, the ATP
chase and P, burst curves were similar to those obtained in 40% ethylene glycol. At 0.15 M KCI the ATP
chase curve was difficult to interpret (small amplitude), and there was a small P; burst. The data obtained
in 40% ethylene glycol (5 mM KCIl) were adjusted to an abbreviated form of the Bagshaw—Trentham scheme
for myosin:

K k k ks
AM + ATP < AM.ATP ,_k—“ AM*ATP ,_k—" AM**.ADP-P, — AM + ADP + P,
-2 -3

The best fit was obtained with Kk, = 3.1 X 108 M~ s7! (K| < 1.06 X 10* M1, k, > 200 s71), k; = k.4
=45 and k, =205t WithSF-1, K, =125X 10° M, k, =165, k; =k, =85!, and k, = 0.12
s”! under the same conditions. Thus, it appears that whereas the kinetics of the ATP binding and the release
of products for cross-linked acto-SF-1 and SF-1 are very different, the kinetics of their chemical steps are
similar.

White, R. E., & Coon, M. J. (1980) Annu. Rev. Biochem. 49,

White, R. E., & Coon, M. J. (1982) J. Biol. Chem. 257,

Muscle contraction depends on the cyclic interaction of

Scheme 19
actin and myosin, the energy for which is supplied by the M X MsATP == MeADP*P; --= M + ADP + Pi
hydrolysis of ATP! by the myosin heads. It is thought that " I
the contraction process is modulated by the various interme-
AM = AM*ATP  AMsADPsP; —= AM + ADP + P

diates on the ATPase pathway. Therefore, for a full under-
standing of muscle contraction this pathway must be eluci-
dated.

A reaction pathway for actomyosin ATPase was first pro-
posed by Lymn & Taylor (1971). A key feature of this is that
actin dissociates before hydrolysis occurs (Scheme I).
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% Actomyosin ATPase (dissociative pathway) is indicated by
solid arrows. Myosin ATPase is given by the top line. M is
myosin and A is actin.

More recent work on the two pathways has lead to an el-
aboration of the Lymn & Taylor scheme [for reviews, see
Trentham et al. (1976), Taylor (1979), Adelstein & Eisenberg
(1980), and Sleep & Smith (1981)]. In particular, it is
thought that a key step on the myosin pathway is a confor-

! Abbreviations: ATP, adenosine §'-triphosphate; ADP, adenosine
5’-diphosphate; AMPPNP, 5-adenylyl imidodiphosphate; P;, inorganic
orthophosphate; SF-1, myosin subfragment 1; Tris, tris(hydroxy-
methyl)aminomethane.
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