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Deviation of Equations 3 and 4
Using Figure 5 to portray the mechanism of Mcr inhibition by HDS, Equations S1-S4 describe the transient behavior of each of the reaction intermediates, substrates, and products. The following abbreviations are used in the derivation: HS-CoB (CoB), CH3-S-CoM (CoM), CH3-S-CoM·HS-CoB (CoM·CoB), and CoM-S-S-CoB (HDS).
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	(Eq. S4)


[bookmark: _GoBack]Using the assumption that the concentration of HDS formed through reaction is negligible (as discussed in the “Developing a complete model for Mcr kinetics” subsection of “Results and Discussion”. Using this assumption, Equation S4 reduces to Equation S5.
	
	
	(Eq. S5)


Using Briggs-Haldane kinetics, the left-hand side of Equations S1, S2, S3, and S5 can be set equal to 0. Setting the left-hand side of Equation S2 equal to 0 and rearranging yields Equation S6. 

	
	
	(Eq. S6)


Setting the left-hand side of Equation S1 equal to 0, substituting [Mcr·CoM] from Equation S6, and simplification leads to Equation S7.
	
	
	(Eq. S7)


Setting the left-hand side of Equation S5 equal to 0, substituting in the expression for [Mcr] from Equation S7, and simplifying yields Equation S8.
	
	
	(Eq. S8)


Setting the left-hand side of Equation S3 equal to 0, substituting in the expression for [Mcr] from Equation S7, and simplifying yields Equation S9.
	
	
	(Eq. S9)


A site-balance can be written for Mcr, as shown in Equation S10. 
	
	
	(Eq. S10)


With the exception of [Mcr·CoM·CoB], the terms on the right-hand side of Equation S10 can be substituted by the right-hand sides of Equations S6-S9. Applying this substitution and simplifying the expression yields Equations S11 and S12.
	
	
	(Eq. S11)

	
	
	(Eq. S12)


The rate of formation of product (methane) can be written as Equation S13.
	
	
	(Eq. S13)



Substitution of Equation S11 into Equation S13 equals Equation S14, the rate of formation of methane in the presence of the HDS inhibitor (vInhib).
	
	
	(Eq. S14)


[bookmark: MTToggleStart][bookmark: MTToggleEnd]The IC50 value represents the concentration of the inhibitor at which the reaction rate is 50% of its maximum value. This can be expressed mathematically (Equation S15).
	
	
	(Eq. S15)


As apparent from Equation S15, an expression for vUninhib is also required. Eliminating the inhibitor (HDS) from Figure 5 requires forming expressions akin to that of Equations S1-S3. The presence of HDS as an inhibitor does not affect Equations S6, S7, or S9, but it does affect the site balance (Equation S10). The new site balance is provided as Equation S16. 
	
	
	(Eq. S16)


Substituting the right-hand side of Equations S6, S7, and S9 into Equation S16 and simplifying reveals Equation S17, where C1 is defined in Equation S12.
	
	
	(Eq. S17)


Substitution of Equation S17 into Equation S13 leads to an expression for the reaction velocity in the absence of HDS as an inhibitor.
	
	
	(Eq. S18)


Combining Equations S14, S15, and S18 leads to the final expression for k12 (see Equation 3 in “Results and Discussion”), where [HDS] in Equation S14 is replaced by the IC50 concentration. The IC50 value, [CoM], and [CoB] are taken from Figure 5 of (Ellermann et al., 1988). The values from k9, k-9, k10, k-10, k11, k13, and k-13 are taken from Scheme 2 of (Wongnate and Ragsdale, 2015), and the lower limit for k-12 is also taken from (Wongnate and Ragsdale, 2015), which is established by the kcat value.
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Supplementary Figure 1. Linear relationship between methane partial pressure and concentration at low pressures. The methane partial pressure was calculated using the empirical equation developed by Duan and Mao (Duan and Mao, 2006).
[image: ]
Supplementary Figure 2. Michaelis-Menten fit of reaction velocity versus methane concentration.  
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