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Derivations of equations in the mixed titration experiments

The total substrate [S], is equal to the sum of the individual substrates, [A] and [T], and pa[S] = [A] and
Mr[S] = [T], where pa and pr represent the molar fractions of A and T respectively. Here, Ki’s represent
association constants for ease of displaying the equations.

Equations for the stepwise binding constants in the mixed substrate experiments

The concentration of enzyme with one substrate bound, ¢y, is given by the sum of the concentrations of
the two states of the enzyme with a single substrate molecule bound, co; and cy.

C1 = Co1 + C10 = EK4[S] = EKa1[A] + EK11[T] = EpaKA1[S] + EprKra[S]

K1 = HaKar + prKey

The concentration of enzyme with two substrates bound, c,, is given by the sum of the concentrations of
the three states of the enzyme with a two substrate molecules bound, Cgy, €20 and ¢y;.

C2 = Cop * Cx0 + C11 = EKIK[S] = EKalKao[A] + EK71K o[ T] + EK11Kao[A] + EKaAiK [ T]
K1K3[S] = Ua’KarKaz[S] + pr?KriKra[S] + prpta(KaiKrs + KriKao)[S]
Kz = (MaKa1 + UrKr) (MaKaz + prKe)/Ky

Kz = HaKaz + U1Ky

The concentration of enzyme with three substrates bound, cs, is given by the sum of the concentrations of
the four states of the enzyme with a three substrate molecules bound, Cgs, Cs0, C21 and C1o.

C3 = Cog + Cz0 + Cu + C 12 = EKIKKG[S] = EKatKaoKas[A] + EKrKroKes[T] + EKa K1 Kas[A] +
EKa1KaK3[T] + EK11KazKas[A] + EK11KroKas[A] + EK1KaoKrs[T] + EKarKr2Kys[T]

K1K22K3[S] = Pa KarKaoKps[S] + pr’KriKra Krs[S] + pa’Hr(KaKraKas + KaiKaoKrs + KriKaoKag)[S] +
MakT (KriKraKaz + KriKaoKrs + KaKrKes)[S]



Ks = (MaKaz + UrKrz) (MaKaz + PrKr) (MaKas + prKrs) K K;

Ks = HaKas + urKr3

Equations for incorporating heterotropic cooperativity into simulated data sets

This allows for binding constants of the mixed substrate system to be evaluated according to equation 1,
by combining the mixed and non-mixed states for a given number of substrates bound into a single state.
In order to simulate specific heterotropic interactions, as shown in Figure 4, it is necessary to separate the
mixed and non-mixed states so that:

Ki = paKar + prKey
Kz = (Ma’KaiKaz + pr’KriKrz + yibrHa(KaiKrz + KriKa))/Ky

Ks = 2(HA?’K/-\lKAZKAS + HT3KT1KT2 Krs + YZHAZHT(KAlKTzKAs + KaKaKr + KiKaoKag) +
Yaakr (KriKroKas + KriKaKrs + Kar K2 Krs))/[KiK;

and 1, v2, and y; represent heterotropic parameters, which indicate favorable (or unfavorable) binding for
the mixed states relative to the non-mixed states.

Equations for incorporating state specific functional amplitudes with binding constants in the mixed
substrate experiments

To incorporate functional properties, such as spin transition, the mixed and non-mixed states may have
different functional amplitudes, it is also necessary to for them to be considered separately:

1Ky = aa1paKar + arrKrg
2K, = (aapa’KarKaz + arpr’ KK + avaprita(KaiKrs + KrKaz))/ai Ky

ks = gaASHASKAlKAZKAS + aT3uT3KT1KT2 Krs + aMZUAZHT(KAlKTzKAa + KaKazKrs + KriKaoKag) +
amsMabT (KriKrKas + KriKaoKrs + KalKrKrs))/a:Kia,K;

where an; and ag; represent the functional amplitudes from the non-mixed states of ANF and TST
respectively with i substrates bound (1 = 0, 1, 2, or 3), and the mixed state amplitudes ay; are given by the
average of the non-mixed amplitudes:

am1 = (aaz + arp)/2
ame = (2*aas + ars)/3
ams = (aaz + 2*ars)/3

These equations are used to generate the models for Figures 4 and 5. The estimations of the mixed state
amplitudes are necessary as they are impossible to measure independently.



