Table 1: Normalized sensitivity coefficients.  The parameters xC3, xPiHt, kPiHt, and xANT, which have dominating effects on ATP production, are highlighted in red.
	Parameter
	Value
	S.C. 

	 
	 (Beard, 2005)
	 

	 
	 
	 

	R
	4.253
	3.88E-06

	xDH
	0.1099
	3.25E-06

	xC1
	0.54088
	2.1E-06

	xC3
	0.14483
	5.51E-06

	xC4
	2.27E-05
	3.99E-07

	xF1
	154.82
	6.33E-08

	xANT
	0.010723
	5.91E-05

	xPiHt
	374420
	1.004464

	kPiHt
	0.000729
	-0.19193

	xKH
	31775000
	0

	xH1e
	250.02
	-1.2E-06

	kPi,1
	0.000139
	-3.2E-06

	kPi,2
	0.000624
	2.99E-06


Table 2: Vmax,app and Km app values from model and literature.  Model results correspond to the isolated mitochondria model of oxidative phosphorylation with all parameters set as in published work for cardiac muscle (Beard, 2005) and experimental results correspond to data from skeletal muscle
.
	Case
	Model Results With original parameters
	Experimental data in literature
	Model Results with modified parameters
	

	
	
	
	
	Reference

	 
	Vmax app, mM/s
	Km app, (M
	Vmax app, mM/s
	Km app, (M
	Vmax app, mM/s
	Km app, (M
	 

	jATP vs [O2]
	7.3423
	2.53
	 3.3 ± 0.30 1
	2 ± 0.5
	2.95
	2.36
	(14) & (15)

	jATP vs [ADP]
	8.4063
	84.2
	6.0 ± 3.2 2
	35 ± 15
	3.41
	20.46
	(16)


Table 3: Values for the fitting constants in the reaction rate law for mitochondrial oxidative phosphorylation as given in eq. 5.
	Fitting
	
	Value
	
	Unit

	Constants
	
	
	
	

	Vmit
	
	0.095
	
	 (min)-1

	K1
	
	1
	
	unitless

	K2
	
	10-4
	
	MB

	K3
	
	10-4
	
	MC

	K4
	
	3.86*10-3
	
	MA

	A
	
	1.034
	
	Unitless

	B
	
	2.532
	
	Unitless

	C
	
	0.8468
	
	Unitless
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Fig. 2: ATP flux vs. O2 as substrate varying Pi, from simulated data and from expression (eq. 5); the developed empirical rate law mimics the simulated data with significant accuracy
.

A. ATP flux vs. O2 for the case of [ADP] = 0.13 mM and [Pi] = 5 mM

B. ATP flux vs. O2 for the case of [ADP] = 0.13 mM and [Pi] = 10 mM

C. ATP flux vs. O2 for the case of [ADP] = 0.13 mM and [Pi] = 20 mM

D. ATP flux vs. O2 for the case of [ADP] = 0.13 mM and [Pi] = 25 mM
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Fig. 3: Steady state concentrations and rate profiles for Vmax,ATPase = 5 mM/min and Km,ATPase = 0.15 mM
. In these plots, space refers to the x-axis, where, x = 0 refers to the center of the cell while x = 1 refers to the periphery of the cell 
(A) ATP, ADP, Pi vs x; ADP and Pi concentrations increase as ATP is depleted

 (B) O2 vs x; most of the O2 delivered to the cell is consumed at the periphery
(C) Mitochondrial rate vs x; drop in mitochondrial ATP production is caused by the depletion of O2
 (D) Myofibrillar ATPase rate vs x
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Fig. 4 Influence of diffusion, length, and VmaxATP ase on <ATP> and <O2> for [image: image6.png]Emito = 0.1



, Km,ATPase = 0.15 mM and [image: image8.png]07 = 35.1puM



.
 (A): <[ATP]>
 vs L and Vmax,ATPase .
(B): <[ATP]> with rapid diffusion vs L and Vmax,ATPase. 
(C): <[O2]> vs L and Vmax,ATPase. 
(D): <[O2]> with rapid diffusion vs L and Vmax,ATPase.
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Fig. 5 Influence of diffusion on the interaction between the effectiveness factor, VmaxATPase, and length for [image: image27.png]Emito = 0.1



, Km,ATPase = 0.15 mM and [image: image29.png]07 = 35.1puM



.

(A): ( vs. L and Vmax,ATPase .
(B): ( vs. L and RATPase.
(C): < RATPase > vs L and Vmax,ATPase. 
(D): < RATPase > with rapid diffusion vs L and Vmax,ATPase.
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Fig. 6: Influence of [image: image48.png]


 on the interaction of the effectiveness factor, length and <RATPase> for Km,ATPase = 0.15 mM, [image: image50.png]07 = 35.1puM



.  An increase in [image: image52.png]


 expands the ( surface.  At lower [image: image54.png]


 the ATPase rate is limited by ATP supply while at higher [image: image56.png]


 the ATPase rate is limited by O2 supply.
(A): ( vs L and RATPase, [image: image58.png]Emito = 0.01




(B): ( vs L and RATPase, [image: image62.png]0.1




 (C): ( vs L and RATPase, [image: image66.png]Emito = 0.45



.  Note different scale for <RATPase>
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Fig. 7: Influence of Km,ATPase and [image: image71.png]03



 on the interaction of the effectiveness factor, length and <RATPase> for  [image: image73.png]0.1



.  Lower Km,ATPase induces a sharper drop in the ( surface while lower [image: image75.png]03



 leads to a reduction in the surface with a high (. 

(A): ( vs L and RATPase, Km,ATPase = 0.15 mM, [image: image81.png]07 = 35.1puM




(B): ( vs L and RATPase, Km,ATPase = 5 mM, [image: image85.png]07 = 35.1puM




(C): ( vs L and RATPase, Km,ATPase = 0.15 mM, [image: image89.png]07 = 7.85 uyM




(D): ( vs L and RATPase, Km,ATPase = 5 mM, [image: image93.png]07 = 7.85 uyM
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Fig. 8: ƞ vs. L and <RATPase> with experimental data incorporated for [image: image96.png]Emito = 0.01



, Km,ATPase = 0.15 mM and [image: image98.png]07 = 35.1puM



. Species with larger fiber size are limited by diffusion of metabolites
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Fig. 9: ƞ vs. L and <RATPase> with experimental data incorporated for [image: image101.png]Emito = 0.1



, Km,ATPase = 0.15 mM and [image: image103.png]07 = 35.1puM



. Most of the species operate at a range where they are not limited by the diffusion of metabolites while species with higher ATP turnover rate are limited by diffusion of metabolites

[image: image104.emf]Fish Mammal
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Fig. 10: ƞ vs. L and <RATPase> with experimental data incorporated for [image: image106.png]Emito = 0.1



, Km,ATPase = 0.15 mM and [image: image108.png]07 = 35.1puM



. Most of the species operate at a range where they are not limited by the diffusion of metabolites.
� Recalculated taking into account the mitochondrial density [15]





�Vmax is in mM/s.  In muscle, this is mmoles per L of cellular water.  Therefore, the more mitochondria are in the muscle, the greater the Vmax.  The model Vmax is less clear to me.  I assume it is mmoles per L of solution.  In this case, as in muscle, the more mitochondria that are in the solution the greater the Vmax.   Are you sure the units from the model are in mM/s and not millimoles/s?





So, I am not sure how to compare the experimental Vmax to the model Vmax.  Can you explain this?


�What do you mean by significant accuracy?  Significant is usually reserved for cases where you have a statistical result.  I would state this more specificially.


�What is the mito fractional volume and length scale?


�For panels B and D, I would plot them using the same Z-axis scale as in panels A and B.  Both B and D should be perfectly flat, and they are close to that but the scale is misleading.  The reason they are not perfectly flat probably has to do with the fact that the diff coeff is not really infinite here, and for O2, the Kmt term gives the change in O2 as a function of L (since Kmt was not set high).


�Did you intend for these surfaces to be pink and yellow, or is that just a file translation problem?  I think the previous color scheme works better.





Also, for B and D the term “rapid” should not be included on the Z-axis title (same for other figures below).


�Figure axis is labeled <ATP> but legend is <[ATP]>


�Remove “rapid” from Z axis of D.
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