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Derivation of equations (2) and (3) in text 

For a kinetic model with two consecutive irreversible steps, expressions giving the 

time course of changes in the concentration of the molecular species involved can be found 

elsewhere [36,37]. Those equations may be easily modified to obtain the time dependence 

of the fraction of molecules in each state. Specifically, for the model shown in …. (II) the 

corresponding equations for the fractions of I, X, and U are: 

fI  = exp(k2t)           (S1) 

fX  = [k2/(k3  k2)] [exp(k2t)  exp(k3t)]           (S2) 

fU  = 1 [1/(k3  k2)] [k3 exp(k2t)  k2 exp(k3t)]           (S3) 

At any given time, the value of a physical observable (say, ) would be 

 = I fI  +X fX  + U fU           (S4) 

where I,   X, and U are the characteristic values of the observable for states I, X, and U, 

respectively. Substitution in S4 of the expressions for each of the fractions given in S2 to 

S3 leads to 

 = I exp(k2t) +X [k2/(k3  k2)] [exp(k2t)  exp(k3t)]

      + U {1 [1/(k3  k2)] [k3 exp(k2t)  k2 exp(k3t)]} 

After factoring of common exponential terms, this latter equation can be written as 



  = {I + X [k2/(k3  k2)]  U [k3/(k3  k2)]} exp(k2t) 

        + {U [k2/(k3  k2)]  X [k2/(k3  k2)]} exp(k3t) + U              (S5) 

 

Rearrangement of equation (S5) gives 

  I = {(X  I) [k2/(k3  k2)]  (U  I) [k3/(k3  k2)]} exp(k2t) 

          + (U  X)[k2/(k3  k2)] exp(k3t) + (U  I) 

 

By dividing both sides of this last equation by U  I (which equals the total observed 

change), we obtain an expression for the fractional change of the observable: 

(  I)/(U  I) = {(X  I)/(U  I) [k2/(k3  k2)]  k3/(k3  k2)} exp(k2t) 

          + (U  X)/(U  I) [k2/(k3  k2)] exp(k3t) + 1              (S6) 

 On the other hand, the expression used for data analysis (see equation 1 in text) 

would be written as 

  = 0 + A1[exp(1t)  1] + A2[exp(2t)  1] + A3[exp(3t)  1]           (S7) 

However, because the first fast phase is effectively decoupled from the other two, only the 

last two exponential terms were retained for analysis. Taking this under consideration, 

equation (S7) can be modified to express the fractional change in  as 

(  0)/(f  0) = [A2/(A2 + A3)] exp(2t) + [A3/(A2 + A3)] exp(3t) + 1            (S8)    



where f  0 =  (A2 + A3) represents the total change in  associated to the last two 

exponential terms in (S7). If we recall that for a sequential model 2 = k2  and  3 = k3, and 

recognizing that 0 = I and f = U, then a comparison of equations (S6) and (S8) gives 

 A2/(A2 + A3) = (X  I)/(U  I) [k2/(k3  k2)]  k3/(k3  k2) 

and A3/(A2 + A3) = (U  X)/(U  I) k2/(k3  k2) 

From these two equations, the fractional changes of the observable can be calculated from 

the fractional amplitudes and the rate constants as follows: 

 (X  I)/(U  I) = k3/k2  [(k3  k2)/k2] [A2/(A2 + A3)]               (S9) 

 (U  X)/(U  I) =  [(k3  k2)/k2] [A3/(A2 + A3)]            (S10)

   

 

 

 

     

             

 


