Supporting Text

Effect of MgATP and Pi on Tension

Similar to the fwy.x dependencies, maximal Ca’'-activated isometric tension (Tiax) of IFT
and EMB fibers exhibited qualitative differences in response to MgATP and almost opposite
dependencies on Pi. For both fiber types Tp.x decreased exponentially with increasing [MgATP]
(Fig. 4A). However, an approximate 4-fold higher concentration of MgATP was required to
reach a level of saturation in IFI fibers (5-10 mM) than in EMB fibers. Ty« of IFI fibers was
relatively insensitive to [Pi] at saturating levels of MgATP (15-20 mM) (Fig. 4B), whereas at 5
mM MgATP, Tnax increased 20% as Pi was raised from 0 to 16 mM. The increase in tension is
most likely due to competition between Pi and MgATP for A.M. (see Fig. 3C) during the
MgATP induced detachment step. The unusually low affinity of IFI myosin for MgATP causes
this effect to be prominent in IFI muscles. In contrast, EMB Ty« declined by 30% over the same
range of [Pi], showing the same inhibitory effects of Pi usually observed in vertebrate skeletal

and cardiac muscle (1-5).

Sinusoidal Length Perturbation Analysis

Fig. 5 illustrates the method of sinusoidal analysis (details are reported elsewhere (6, 7)).
At top, small amplitude sinusoidal length perturbations are applied and the phase and amplitude
relation between the applied length change (AL) and resulting force change (AF) were measured
over a range of frequencies (f=0.5-1000 Hz). Small amplitude length changes (0.25% muscle
length (ML) peak to peak) were used as above 0.50% ML the force response becomes markedly

non-linear with muscle length sinusoidal perturbation (unpublished observations, D.W.M.), the




application of which would have made our analysis inaccurate. The complex modulus y(f) is
calculated as the ratio of tension change (AF divided by fiber cross-sectional area) and the
fractional change in muscle length (AL/L,, equal to 0.00125 under our standard conditions). In
the exemplar Nyquist plot shown at bottom right, the viscous modulus (the 90° out-of-phase
component of y(f)) is plotted versus elastic modulus (the in-phase component of y(f)). We
deconvolve the Nyquist plot to yield components A, B and C, where y(f) = A 2 if /oc)k -Bif
/(b+if) + C if /(c+if), where 1 = , o =1 Hz, and k is a unitless exponent. Coefficients A, B
and C are the magnitudes of A, B, and C, expressed as mN per mm?” fiber cross-sectional area.
The characteristic frequencies of B and C are b and c, expressed in Hz. Note that the viscous
modulus of B is negative, which denotes work-producing cross-bridge processes, whereas the
viscous modulus of C is positive, which denotes work-absorbing cross-bridge processes. Work (J
m™) is equal to 7t E, (AL/L)?, where E, is the viscous modulus, and AL/L is the amplitude of the
sinusoidal length change divided by the length of the fiber between the two T-clips. Power (W

m™) is equal to frequency (f) times 1 E, (AL/L)*.

Adequacy of the MgATP Regeneration System

We investigated whether differences in ability to adequately buffer MgATP might
contribute to the 8-fold higher [MgATP] required to saturate IFI fiber kinetics compared to that
of EMB. The different response to [MgATP] between IFI and EMB fibers would be expected to
occur if the creatine phosphate/creatine kinase (CP/CK) MgATP regeneration system is able to
maintain adequate levels of MgATP (and/or is able to keep MgADP levels near zero) inside

EMB fibers, but is not able to do so in IFI which may have a much higher ATPase rate. To test



the adequacy of the buffer system, we increased [CP] step-wise from 1 to 50 mM, with [CK] at
900 U/ml (Fig. 6). We used the frequency of maximum power output, fiymax, as a kinetic
parameter particularly sensitive to MgATP and MgADP levels. At 5, 7.5 and 10 mM MgATP,
CP concentrations equal to or less than 15 mM limited fwy,ax, but above 20 mM CP, the
regeneration system was adequate since no further effect of increasing [CP] on fwp,x was
observed. Varying [CK] (300-900 U/ml) had a minor effect on kinetics at 5 mM MgATP, with
no effect at higher MgATP concentrations. At CP > 20 mM and MgATP > 10 mM, fymax did not
depend on fiber diameter (correlation coefficient, r* < 0.5). Together, these results indicate that
the IFI and EMB kinetic differences can not be explained by diffusion limitations or inadequate

buffering of MgATP and MgADP levels.

Determining the Position of the Rate-Limiting Step from the Calculated Responses of Eight

Cross-Bridge Models to Changes in [MgATP] , [MgADP], and [Pi].

Following the method of Zhao & Kawai (8), we obtained steady-state solutions of 8
alternate versions of the cross-bridge scheme (main text Table 1) that differed only in the
position of the rate-limiting step. The steady state solution was obtained by assuming that, for

each version, the following steps are approximated by the mass action law:

Scheme | Steps obeying mass action | Rate limiting step
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Let each state in the cross-bridge scheme be represented as a probability of occupancy, i.e.:

Scheme | State Probability of
occupancy (Xy)
1 AM X
AM.T X5
AMT*+M.T+ M.D.P+ AMD.P | X34
A.M.D.P* Xs
AM.D Xo
2 AM X
AM.T X5
AMT*+M.T+M.DP+AMD.P | X3
A.M.D.P* Xs
AM.D X
AM.D* Xo
3 A.M* Xi
AM.T X5
AMT*+M.T+ M.D.P+ AMD.P | X34
A.M.D.P* Xs
AM.D X6
AM Xo
4 AM X
AM.T X5
AMT*+M.T+M.DP+AMD.P | X3
A.M.D.P* Xs
AM.D Xo
5 AM X
AM.T* X3
AM.T**+ M.T+ M.D.P+ AM.D.P | X34
A.M.D.P* Xs
AM.T X6
6 AM X
AM.T X3
AM.T* + M. T X3
M.D.P + AM.D.P X4
A.M.D.P* Xs
AM.D Xo
7 AM X
AM.T X5
AMT*+M.T+M.D.P+ AMD.P | X34
A.M.D.P* Xs
A.M.D.P** X6
AM.D Xo
8 AM X
AM.T X




AMT*+M.T+MD.P+ AMD.P | X34

A.M.D.P* Xs

AM.D X6

where A = actin, M = myosin, T = MgATP, D = MgADP, and P = inorganic phosphate. The sum

of X, = 1 for each scheme.

Composite state X34 (including X3 and X4) does not support force, whereas the other states do, so
transitions into or out of X34 manifest as changes in dynamic stiffness (6, 8). Sinusoidal length
change analysis perturbs strain-sensitive elementary rate constants (6). The instability produces a
shift to a new steady-state distribution of cross-bridge states that is observed as tension transients
in length-jump analysis and as exponential processes in sinusoidal analysis (2, 8, 9). Given
independent variables T, D and P, their corresponding association constants Kr, Kp, and Kp, and

the elementary rate constants k, k.,, ks and k4, it follows from Zhao & Kawai (8):

Scheme 1: IFI Myosin, Rate-Limiting Step Is Phosphate Release

D T P
: E Ky ko ka4 z
Xo X1 X2 ¢——— Xt ¢——— X5 Xo
Kb ko ks kp

Assuming that kp << other rate constants,

Xo+ X1+ Xp = — kX + koXas (1)
Xas = X5 — (ks + ka)Xas + kaXs )
5.(5 = kaX34 —k4Xs 3)
and
Kr=Xo/TX; 4)



KD:XO/ DX]_

Where X, is the probability of each state, T=[MgATP?*], D=[MgADP"*], and P=[P1i].

Express Xy and X in terms of X, X34, and Xs:
(4) 9 Xl = Xz/KTT
(5+4) 9 Xo = Xl KDD = X2 KDD/KTT

let 1/1’] = | + 1/K;T + KpD/ K1T

d

dt

Eigen equation:
P — (mka+ koo + ka+ k) 1? + (nkokg + kok 4+ nkoka)r = 0
Therefore r1 =0
rptr3 = nkotkotkstky
ror; = nkoks + nkokg + kooky
If nko+tko > katky
Then, rn ~ nks + ko

And 3

Q

(nkoks + nkok.g4 + kook4)/(mka + k.2)
= [nko/(nk2 + k2)] ka + k4

where, again 1/ = 1+ 1/KyT + KpD/ KT

Predictions:

When T=0, r, = k.,

When T=ow0, 1, =k, +Kk.»

Thus r;, (i.e., 2nc) increases with increasing T

1 (i.e., 2mc) is independent of P since no P term in equations 14 or 8
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When D=0, 1=k,
When D=0, = kz [(1/(1+ l/KT T)] + k-z
Thus r; (i.e., 2rc) decreases with increasing D

When T=0, r; = k4
When T=00, r3= k4 / [1/(1+ko/k > )] + ko4
Thus r3 (i.e., 27b) increases with increasing T

13 (i.e., 27b) is independent of P since no P term in equations 15 or 8
When D=0, r3= [ko/( ko+ ko(1+1/K1T)] ks + k4

When D=0, r;= k4
Thus r3 (i.e., 2nb) decreases with increasing D

Scheme 2: EMB Myosin, Rate-Limiting Step Is an Isomerization Before MgADP Release

D T P
: KT kz k4 k6
Xo X1 A’ Xo ¢—— X4 ¢&e——— Xs Xe — P Xo
Kp k—2 k_4 Kp

Assuming that ke << other rate constants,

Xo+ X1+ Xo

= — koXo + k2 Xa4 (1)
X34 = koXo — (ko + k4)X34 + kaXs (2)
Xs+Xs = kiXas—kaXs 3)

and
Kp=Xo/DX; 4)
Kr=Xo/TX; (%)
Kp=X5/PXe (6)

Where X, is the probability of each state, T=[MgATP?*], D=[MgADP"*], and P=[P1i].
(5) 2> Xl = Xz/KTT (7)

(4+5)>  Xo= (KpD/K1T)Xo (8)



(6) 9 XG = X5/KPP

let n = K¢T /(1 + KpD + K+T)
and & = KpP /(1 +KpP)
d X2 X2
dt Xy | = Xy
Xs Xs

Eigen equation:
1’ — (nka + ko + kg + Ekg) 1° + (nkoks + nkoEk 4 + k ok g)r = 0
Therefore 1 =0
rp+r3 = nkot+ kot kst Ekay
rrs = nkoka + nkoEka + kolkg
If nka+ko >> kst Eka
Then, rn = nko+ko

And 3

Q

(nkaks + nkalk.s + kolk.a)/(nk2 + ko)

= [nko/(nkz + k2)] ka + E ka4

where, againn = K;T /(1 + KpD + K+T)
and a = KPP / (1 + KPP)
Predictions:

When T=00, 1, = k, +k.,
When T=0, r, = k.,
Thus r; (i.e., 27c) increases with T

When P=0 and @, I= k2 [(KDD /KT T) + I/KTT +1)] + k-z
Thus r; (i.e., 2xc) is independent of P

When D=o0, r,=k_,
When D=0, = kz [KT T/ (1+ KT T)] + k.z;
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Thus r; (i.e., 27c) decreases with D

When T=0, 13 = k4KpP /(Kp P +1)
When T=00, r5= k4 / [(ko/k2 )(Kp D /Kt T) + 1/Kr T +1)]
Thus r3 (i.e., 27b) increases with T

When P=0, r;=ky4/ [1+(ko/k2)(Kp D /Kt T) + 1/K1 T +1)]
When P=w, r3= ks / [1+(k/k2)(Kp D /K T) + 1/Kt T +1)] + k4
Thus r3 (i.e., 27b) increases with P

When P=O, = (k4 + k_4 )( KT T/ (1 +KT T)

When P=c0, 13= ks KT/ (1 +Kr T)
Thus r3 (i.e., 2nb) decreases with D

Scheme 3: Rate-Limiting Step Before MgATP Release
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Assuming that ko << other rate constants,

Xi 4+ X, = koXo+ koXas (1)

X34 = koXo — (ko + k4)X34 + ksXs (2)

Xs+ Xe+Xo = kaXos—kaXs 3)
and

Kr=Xo/TX; 4)

Kp = Xs/PXs (5)

Kp = Xe/DXo (6)

Where X, is the probability of each state, T=[MgATP?*], D=[MgADP"*], and P=[P1i].
Express Xo, X1, and X in terms of X, X34, and Xs:

(4) 2> X1 =Xo/K+sT (7)



(5) 9 Xe = X5/KPP

(6+8) >  Xo =(1/KpD)Xe= (1/(KpPKpD))Xs

let & = KiT/(K7T +1)
and n = KpD KpP/(KpD KpP + KpD + 1)
then
d X 2 ~ X 2
a 34 X34
X 5 X 5

Eigen equation:
r° — (kg + nkg + Eko + ko)r? + (Ekonka + konka + Ekokg)r = 0
Therefore I =0

rp+r3 = Eko +kot+ kst nka

03 = Ekonk.4+ konk.4+ Ekoky

If &kz +ko>> kgt T|k-4

Then, n ~ &k +ko

And r3 & (Ekonk.s + konkg+ Ekoka)/(Eks + ko)
= oks +nka

where c = Eka/(Eka+ ko)

and, again, § = K{T/(K;T +1)

and n = KpD KpP/(KpD KpP + KpD + 1)
Predictions:

When T=0, 1, =k,

When T=o0, 1, =k;+k,

Thus r; (i.e., 2xc) increases with T

1 (i.e., 2mc) independent of P and D
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When T=0, 1r3;=o0ky4

When T=c0, r13= [ko/(1+k,)] ks + ok 4
Thus r3 (i.e., 27b) increases with T

When P=0, 1= [Eko/(§+ ko) ka
When P=oo, 13= [Ek2/(E+k2)] ka + kg
Thus r3 (i.e., 2b) increases with P

When D=0, 1= [Ek2/(E + k2)] k4
When D=0, 13=[Ek2/(§ + ko2)] ka + [KpP/(KpD KpP + 1)] k4
Thus r3 (i.e., 2ntb) increases with D

Scheme 4: Rate-Limiting Step MgATP Binding
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Assuming that k1 << other rate constants,

X -

Xas -

Xs+Xo+X; =
and

Kp = X5/PXp

KD = XO/DX]_

—koXo + koXaa
koXo — (k2 + k4)X34 + k.4 X5

kaX3z4 —kaXs

<—L>Xo< />X1

kr

Where X, is the probability of each state, T=[MgATP?*], D=[MgADP"*], and P=[P1i].

Express Xp and X in terms of X, X34, and Xs:

(4) 9 Xo = X5/KPP

(5+6) 9 Xl = (I/KDD)XO = X5 /(KPP KDD)
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let n = 1/(1+ 1/(KoD KpP) + 1/(KeP))

then
g X, X,
a Xy |[=— Xy
X, X

Eigen equation:

12+ (kg + Nk + ko + ko)r® + (nkok 4 + nkokg + koka)r = 0

Therefore I =0
rp+r3 = ka+tnkatkotko
rr; = nkoka + nkoks + koka
If ko +ko>> katnka
Then, rn =k +ko
And r3 ~ (nkok.a+ nkoks + koks)/(kz2 +ko2)

where, again n = 1/(1+ 1/(KpD KpP) + 1/(KpP))

Predictions:

When P=0 & «© rn=k +k,
Thus r; (i.e., 2nc) independent of T, P, and D

When T=0 & «© I3 = (T]kzk-4 + 1’]k2k4 + koks)/(ko + ko)
Thus 13 (i.e., 2nb) independent of T

When P=0, 3= koka/(ky + k)
When P=c0, 13= (kzk-4 +koks + k2k4) / (kz + k-z)
Thus r3 (i.e., 27b) increases with P

When D=0, 1= k2k4/(k2 + k.z)
When D=, 13=[[(k2ka+ k.2ks) / (1 + 1/Kp P)] + koks] /(k2 + k.2)
Thus r3 (i.e., 2wtb) increases with D

Scheme 5: Rate-Limiting Step After MgATP Binding
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X, «4— X <<——————— Xs

p— &L.&L.Aﬂ_.&

ko k4

Assuming that ke << other rate constants,
Xz = —koXo + koXas
X34 = koXo— (ko +k4)Xzs + kaXs
Xs + Xo + Xl + XG =kaXzs — kX5
and
Kp = Xs5/PXp
Kp= Xo/DXy

KT = XG/TX;L

Where X, is the probability of each state, T=[MgATP?*], D=[MgADP"*], and P=[P1i].

Express Xo, X1, and Xg in terms of X, X34 and Xs:
(4) 2> Xo = X5/KPP
(5+7) 9 Xl = X()/KDD = X5 /(KPP KDD)

(6+8) 9 Xe = Xl KTT = X5 KTT /(PPP KDD)

let 1/1’] = 1 + 1/KpP + 1/(KpP KpD) + K+T /(KpP KpD)
then
q X, X,
a u | T Xy
Xs Xs

Eigen equation:

4+ (kg + nk-4 +ko+ ko )1’2 + (1’]1(21{-4 + T]k.zk.4 + kokg)r = 0
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Therefore r1 =0
rp+r3 = kgt T]k.4+k2+k.2
rr; = nkoka +nkoka + koks

If ko+ko >> katnky

Then, rn ~ ko+ko

And r3 & (nkok.a + nkok.a + koka)/(ko + k.o)
= oks + nky

where o = ka/(kat+ ko)

and, again I/m = 1+ 1/KpP + 1/(KpP KpD) + K+T /(KpP KpD)
Predictions:
1 (i.e., 2mc) independent of T, P and D

When T=0, r3=ockst [1/(1+ (1/KpP)+ (1/KpP KpD))] k4
When T=00, 13= cky
Thus 13 (i.e., 2mb) decreases with T

When P=0, r;3=0cky;

When P=co, r13= ckyt+ k4

Thus r3 (i.e., 27b) increases with P

When D=0, 1;=oky;

When D=, 13=ckst+ [1/(1+ (1/ KpP)) k4

Thus 13 (i.e., 2mb) increases with D

Scheme 6: Rate-Limiting Step in a Detached State
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X3 = kX kX3

Xs + Xo + Xl + Xz = kaXs — kaXs5—koXo + kX3
and

Kp= Xo/DX3

Kr=Xo/TX1

Kp = X5/ PXO

Where X, is the probability of each state, T=[MgATP?*], D=[MgADP"*], and P=[P1i].

Express Xo, X1, and X5 in terms of Xz X3 or Xu:

5) > X1 =Xo/KsT

4+7) > Xo =X KpD = X3 KpD/K+T

(6+8) > X5 = Xo KpP = X3 KpD KpP/K+T

let I/m = 1+ KpD KpP /KT + KpD /KT + 1/K+T

¢ = KpD KpP/K1T

then
d X2 X2
E X3 = — X3
X, X,

Eigen equation:

r+ (T]kz +kot+ks + 1’]5_,1(-4 )I'2 + (nk2k4 + koka + T](Z kok.g)r= 0

Therefore r1 =0
rp+r13 = nkotkot+ks +niky
ror3 = nkokg +koks+nE koky
If nko+ ko >> ka+nE kg

Then, rn =~ nkxt+ko
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And r3 & (nkoks + kok 4 + n& koka)/(nka + k-2)

— Ikaf(nka-+ ko)Tke + [(kot & k2)(nko+ ko) Jks (18)
Again, 1/1’] = 1+ KpD KpP /KT + KpD /K7T + 1/K+T (10)
and €& = KpD KpP/K+T (11)

Predictions:

When T=0, r1,=ky;
When T:OO, I, = k2 + k.2
Thus r; (i.e., 2xc) increases with T

When P=0, r=k;[1/(1+KpD /KsT + 1/K7T )]+ k.
When P=c0, 1,=Kko;
Thus r; (i.e., 2rc) decreases with P

When D=0, =k [1/(1+ 1/KsT)]+k,
When D=0, 1=k,
Thus r; (i.e., 2wc) decreases with D

When T=0, 1r3= (kz koo )k4 + [k2+ ko /(1+1/KPP +1/ KpD KpP )]/(kz + kz)] k4
When T=00, 13= (k2 ko )k4 + ko/ (kz + k.z)k-4
Thus 13 (i.e., 2b) decreases with T

When P=0, r;=k-, /(k2 + ko [1 +KpD /KT + 1/K1T] [ kg + (k2 + kz)/ k-z)] k.4
When P:OO, I3 = (k-2 /kz) ks + [(kz + kz)/ ko ] k4
Thus r3 (i.e., 2nb) decreases with P

When D=0, r13=[k-; /(ka+ ko [1 + 1I/K7T]] ks + [ko/(ko /(1+1/K7T )+ k)] kg

When D=, r13= [ka /ko+ 1/(1 + 1/KpP)] k4
Thus 13 (i.e., 2nb) decreases with D

Scheme 7: Rate-Limiting Step Before Phosphate Release
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Assuming that ks << other rate constants,
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Xe + Xo+ X1+ Xo = —koXo + koXzs

X34

— KXo — (ko + ka)Xaa + kaXs
5.(5 = kaX3zs —k4Xs
and
Kp=Xs/PXo
Kp=Xo/DX3
K=Xo/TXy

Where X, is the probability of each state, T=[MgATP?], D=[MgADP**], and P=[Pi].

Express Xo, X1, and Xg in terms of X, X34 and Xs:
(6) 9 Xl = Xz/KTT
(5+7) -> Xo = (KDD/KTT) X

(4+8) 2> X = (KpD/K7T) KpP Xo

let ns=s 1/ (KPP KpD/ K+T + KpD/ K+T + 1/K+T +1)
d X2 X2
Tl N | T X4
dt
X5 X5

Eigen equation:

1° — (mka+ koo + kg + k) 1 + (nkoks + nkoks + kokg)r = 0
Therefore r1 =0

rptr3 = nkotkotksatky

ror; = nkoks + nkokg + kooky
If nko+tko > katky

Then, rn ~ nky+ko
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And r3 ~ (nkoks + nkok.g + kok4)/(nkz + k.2)
= okstkuy
where o =ko/ (katko/m)
and, again, mn = 1/(KpP KpD/K+T + KpD/ K1T + 1/K7T +1)
Predictions:

When T=0, r, = k.;
When T=o0, 1, =k, +ko»
Thus r; (i.e., 2xc) increases with T

When P =0, = kz [1/(1+ (l/KT T)+ KDD/ KTT)] + k-z;
When P =0, 1=k,
Thus r; (i.e., 2nc) decreases with P

When D =0, r)=k, [1/(1+ (1/K1 T)] + k;
When D =00, 1=k,
Thus r; (i.e., 2wc) decreases with D

When T=0, I3 = k_4
When T=o0, r3= ka/(1+k 2/k;) + k4
Thus r3 (i.e., 27b) increases with T

When P =0, r3= [ko /[(kot+ ko2 (1+ (1/K1 T) + (KpD/ K1T)]] kst k4
When P =0, r3=k 4

Thus r3 (i.e., 2nb) decreases with P

When D =0, r3= [ka /[(kot+ k2 (1+ 1/K1 T)]] kat kea;

When D =00, 1=k 4
Thus r3 (i.e., 2nb) decreases with D

Scheme 8: Rate-Limiting Step MgADP Release

T P D

z Kr ko k4 1 1
X] Xz‘i X34 <4— X5 X6 Xl

Ko K.y Kp kp

Assuming that kp << other rate constants,
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X1+ X5 = — k2X2 + k-2X34 (1)

X34

= koXo— (ko + k4)Xzs + kaXs (2)
Xs + XG = k4X34 —k4X5 (3)
and
Kr=Xo/TXy (4)
Kp = Xs/ PXs )

Where X, is the probability of each state, T=[MgATP?], D=[MgADP"*], and P=[P1i].

Express X; and Xg in terms of X, X34 and Xs:

(4) 2> X = Xz/KTT (6)
(5) > Xe= X5/KPP (7)
let £ = KiT/(K7T +1) (8)
and n = KpP/(KpP +1) )
then
X X
d 2 2
HENE X., (10)
X 5 X 5

Eigen equation:

1’ — (kg + nka + Eko + ko)r® + (Ekank.g + konk.a + Ekokg)r = 0 (11)
Therefore 1 =0 (12)
rp+r3 = Eko + kot kat+nky (13)
103 = Ekonk.s+ konk.s + Ekoky (14)

If &ko +ko >> ka+ nku, as appears to be the case (text Fig. 3),
then, I, = {;kz + ko (15)

and rs ~ (Ekanka+ konk.a + Ekoka)/(Ekz + ko)
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= okq +Nka (16)

where c = Eka/(Eka+ ko) (17)
and, again, & = K{T/(KyT +1) (8)
and n = KpP/(KpP +1) 9)
Predictions:

When T=0, 1, =k,

When T=00, 1,= k, +k,

Thus r; (i.e., 2xc) increases with T

17 (i.e., 27c) independent of P and D
When T=0, 13 =nkuy;

When T=c0, r13=[1/(1+ka/k2)] ka + Nk
Thus r3 (i.e., 27b) increases with T

When P=0, 1= oky

When P=co, 13= oks+ky

Thus r3 (i.e., 2b) increases with P

13 (i.€., 2nb) independent of D

Derivation of Cross-Bridge Rate Constants

The kinetic constants of each cross-bridge scheme were derived by fitting algebraic expressions
12 and 13 of Scheme 1 to the [MgATP] sinusoidal rate constant plots (Fig. 7) following the
method of Kawai et al.(8). Because the apparent rate constants are more accurately expressed as
a sum, 1, + 13 (2nb + 27nc), and product, ror; (27h x 27C), in the steady-state solution of each
cross-bridge scheme, we plotted both sum and product (rather than separately plotting 2nb and
2mnc) as functions of [MgATP]. Plots of sum and product as functions of [MgADP] and [Pi] (not
shown) were not used to calculate the kinetic constants of Scheme 1 because of the irreversible

effects of [MgADP] and the insensitivity of the apparent rate constants to [Pi].
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Estimate of MgADP Release Rate in Fibers

We estimated the IFI MgADP release rate in IFM by comparing rates measured in fibers
with those previously measured using isolated IFI S-1 in solution. In solution, the 2™ order
MgATP-induced detachment rate constant for IFI myosin is 750 mM's™ (22°C) (10). In fibers
(15°C), the corresponding rate constant (Katpks) is 703 mM's™ (Table 1, main text). Given a
Q1o estimate of 2, at 22°C Krpks should be 1195 mM's™, which is ~1.6-fold greater than the
rate measured using S-1 at 22°C. This higher 2™ order detachment rate in fibers is likely due to
stress or strain myosin experiences in fibers, but does not experience in solution measurements.
If MgADP release is also elevated by a similar factor due to stress or strain, as many studies
suggest MgADP release is strain dependent (11), and given the solution determined S-1 ADP
release (10) rate of 4,090 s, we estimate that the MgADP release rate in fibers may be as high
as 6,540 s (= 1.6 x 4,090 s™") at 22°C. This estimated value for fiber MgADP release rate is
highly unlikely to be limiting during flight. This view accords with that of Silva et al (12) who

conclude that MgADP release must be > 4,000 s at 22°C to not limit filament sliding speed

during flight.
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