Additional file 6
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(—kat) (S1)
fx = [ka/(ks — k2)] [exp(—kat) — exp(-kat)] (S2)
fu = 1- [1/(ks — k)] [ks exp(—kat) — ko exp(—kst)] (S3)

At any given time, the value of a physical observable (say, 6) would be
0=0,f +0xfx +0Oyfy (54)

where 0,, 0x, and Oy 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
0 = 0, exp(—kat) +0x [Ko/(ks — k2)] [exp(—kat) — exp(—kst)]
+ 0y {1- [1/(ks — k2)] [ks exp(—kat) — ko exp(—kst)]}

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



0 = {01+ Ox [ko/ (ks — k2)] — Ou [ka/(ks — k2)]} exp(—kat)

+ {06y [ko/ (ks — k2)] — Ox [Ko/ (ks — k2)]} exp(—kst) + 6y (S5)

Rearrangement of equation (S5) gives

0 — 01 = {(0x— 01) [ko/(ks — k2)] = (Bu — 01) [Ka/(ks — k2)]} exp(—kat)

+ (Bu— Ox)[ko/ (k3 — k2)] exp(—kst) + (Bu— 6))

By dividing both sides of this last equation by 6y — 6, (which equals the total observed

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

(6 - 6.)/(6U - 6.) = {(ex— 6|)/(6U - 6.) [kz/(kg - kz)] - k3/(k3 - kg)} EXp(—kgt)

+ (Bu— 0x)/(Bu — 01) [Ko/ (ks — k2)] exp(—kst) + 1 (S6)

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

would be written as

0 = 0y + Ag[exp(—it) — 1] + Azfexp(—Aqt) — 1] + As[exp(—Ast) — 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 6 as

(6 — 60)/(65 — 0g) = [-A/ (A2 + A3z)] exp(—Aat) + [-As/(Az + A3)] exp(—Ast) + 1 (S8)



where 0¢ — 6y = — (A2 + A3) represents the total change in 6 associated to the last two
exponential terms in (S7). If we recall that for a sequential model A, =k, and A3 = ks, and

recognizing that 6, = 6, and 6; = Oy, then a comparison of equations (S6) and (S8) gives

—Aol (A2 + Az) = (Bx— 0,)/(Bu — 01) [Kao/ (ks — k2)] — ka/ (ks — ko)

and —A3/(A2 + A3) = (eu — ex)/(eu - 9|) kz/(k3 - kz)

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

the fractional amplitudes and the rate constants as follows:

(Ox— 01)/(Bu — 61) = kalko — [(ks — k2)/k2] [A2/ (A2 + As)] (S9)

(Ou—0x)/(By — 01) = — [(ks — k2)/k2] [As/(A2 + As)] (S10)



