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Binding of Nucleotide. Analogs to IASL-S1. Addition of 5 mM
nucleotide analog to IASL-S1 under EPR conditions (as in Table
2) abolished virtually all myosin ATPase activity (Table S1),
showing that IASL-S1 is saturated with these nucleotide analogs.
This justifies our treating these complexes as distinct and ho-
mogeneous biochemical states.

Sensitivity of EPR Spectra to ADP. Fig. S1 shows EPR spectra in the
apo and ADP-bound states of myosin. Although at first glance
these spectra appear to show little or no effects of ADP, Insets
show the expanded low-field and high-field peaks, which show
clear ADP effects. This is important, because the splitting
between the outer extrema can be used to quantitate spin-label
mobility. In particular, the order parameter (assuming subnano-
second rotational motion) can be calculated accurately from S �
(T�

� � T0)/(T� � T0), where 2T�
� is the observed splitting between

the outer peaks, 2T� is the splitting for a completely immobilized
label (frozen sample), and 2T0 is the isotropic splitting (free spin
label in solution) (1). In both muscle and Dicty, ADP produces
a narrower splitting, indicating increased spin-label mobility
(decreased order parameter) in this state. The position of each
peak can typically be determined with an accuracy of 0.1 G or
less, so the value of the splitting (2T�

�) can be determined with
precision �0.2 G. As the table in Fig. S1 shows, there are no
significant differences between muscle and Dicty, but in both
cases, the observed decrease in splitting due to ADP is quite
significant and reflects a significant decrease in order parameter
S and thus a change in myosin structure (opening of the spin
label-binding pocket) upon ADP binding (Fig. S1).

Temperature Dependence of the M*–M** Transition: Calculation of
Thermodynamic Parameters. EPR spectra Vexp(H) of myosin com-
plexes with nucleotide analogs were recorded at different tem-

peratures and deconvoluted to extract the mole fractions x* and
x** of the spectral components corresponding to the M* and
M** structural states (2) according to

Vexp�H� � x*V*�H� � x**V**�H� , [S1]

where x* � [M*]/[M* � M**] and x** � 1 � x* (Fig. S2). These
mole fractions were then used to calculate the equilibrium
constant Keq for the reaction:

M*3 M**, Keq � �M**	 /�M*	 � x**/x*. [S2]


G was calculated as �RT ln Keq, and the change in entropy (
S)
and enthalpy (
H) between the two conformations was found by
fitting the data with the the van’t Hoff equation,

lnKeq � 
S/R � 
H/�RT� , [S3]

as illustrated in Fig. S3 and Table S2.

ATPase Assays. High-salt ATPase activity (reported in Table 1)
was measured by phosphate liberation (3) at T � 25°C in buffers
containing 50 mM Mops, 5 mM EDTA, 0.6 M KCl (pH 7.5) for
K/EDTA ATPase, and 50 mM Mops, 10 mM CaCl2, 0.6 M KCl
(pH 7.5) for Ca/K ATPase (3). Myosin ATPase activity was
measured under physiological conditions [T � 25°C in 10 mM
Tris, 3 mM MgCl2, 2.5 mM ATP (pH 7.5)] in the presence and
absence of actin, by the liberation of inorganic phosphate (3, 4).
The dependence of S1 ATPase activity on actin concentration
was fitted to the Michaelis–Menten equation, to determine Vmax
(activity at saturating actin) and Km (actin concentration when
v � 0.5 Vmax), as reported in Table 2. Mg2� ATPase activity of
IASL-S1 nucleotide analog-bound complexes was measured at
T � 25°C in buffer containing 20 mM EPPS (pH 8.0), 6 mM
MgCl2, 1 mM EGTA, 5 mM ATP by the liberation of inorganic
phosphate (3), as reported in Table S1.
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Fig. S1. EPR spectra of muscle (Left) and Dicty (Right) S1 in apo and ADP-bound states.
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Fig. S2. EPR spectra at different temperatures, fit to a sum of M* and M** components (Eq. S1) obtained at the same temperature. Black, experiment; red,
best-fit simulation. (A and B) Muscle myosin. (C and D) Dicty myosin. (A and C) Prehydrolysis analog (ADP.BeFx). (B and D) Posthydrolysis analog (ADP.AlF4).
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Fig. S3. Van’t Hoff plots for the reaction M*3M** (recovery stroke), for muscle and Dicty myosins complexed with ADP.BeFx (Left) and ADP.AlF4 (Right). Keq

was determined from deconvolution of EPR spectra (Fig. S2), using Eqs. S1 and S2. Values for 
H and 
S, given in Table S2, were determined by fitting the data
to Eq. S3, so the y-intercept is 
S/R, and the slope is �
H/R.
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Table S1. Mg-ATPase activity of S1 nucleotide analog complexes

Myosin M.ADP.AlF4, % M.ADP.BeFx, % M.ADP.V, %

Muscle 1.4 � 0.3 0.5 � 0.4 3.2 � 1.6
Dicty 0.2 � 0.3 0 3.4 � 0.7

100% corresponds to the value in the absence of nucleotide analog (Table
2, Vbasal, labeled).

Agafonov et al. www.pnas.org/cgi/content/short/0801342105 5 of 6

http://www.pnas.org/cgi/content/short/0801342105


Table S2. Enthalpy (�H) and entropy (�S) change in the
transition from the M* to M** structural state (recovery stroke)
in myosin complexed with nucleotide analogs

ADP.BeFx ADP.AlF4


H,
kcal/mol


S,
kcal/(mol�K)


H,
kcal/mol


S,
kcal/(mol�K)

Muscle 6.0 � 0.5 0.018 � 0.002 8.4 � 0.6 0.032 � 0.002
Dicty 7.8 � 1.2 0.026 � 0.004 7.8 � 1.5 0.025 � 0.005
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