Post-translational SpoOF bandpass in a more complex model of the core phosphorelay. The
post-translational SpoOF bandpass discussed in the main text is based on a simple model of the
core phosphorelay. In principle, a more complicated reaction scheme involving reaction
intermediates is also possible. Here, we verify the post-translational SpoOF bandpass results in a
model of the core phosphorelay that contains these reaction intermediates. This reaction
schemes has been previously used for phosphorelay-like signaling systems [1].

This model consists of 17 variables, of which eight correspond to the phosphoforms of
the four phosphorelay proteins - K, K, F,E,, B, By, A, Ap. There are two additional variables
corresponding to the free levels of the phosphatases of SpoOA and SpoOF, denoted E and R,
respectively. Finally, there are seven additional variables corresponding to the reaction
intermediates involved in the phosphorylation, phosphotransfer and dephosphorylation
reactions - [KpF], [FpB], [BpA], [KT], [KTFp], [FpR], [ApE]. Here, the variable T denotes ATP,
which is assumed to be maintained at a constant value by the cell. Consequently, [KT] is the
KinA-ATP intermediate that mediates autophosphorylation and [KTFp] is the [KT]-SpoOF
intermediate that mediates the dephosphorylation of SpoOF. These variables are not
independent as they are constrained by the total concentrations of these proteins. There are six
such constraints,

Ar = A+ A, + |B,A] + [4,E],
Br =B + B, + [B,A| + [E,B],
Fr =F +F, + [E,B] + [K,F| + [KTE,| + [ER],
Kr = K + K, + [KTE,| + [K,F] + [KT],
Ry = [F,R] +R,
Er = [A,E] + E.

Here, Ar, Br, Fr, K7, Ry and E; denote the total concentrations of SpoOA, Spo0B, SpoOF, KinA,
RapB, and SpoOE, respectively. Because of these six constraints, there are 11 free variables that
describe the system, and are chosen to be K, Kp,F, Fp, B,Bp,A,Ap, [KpF], [FpR], [ApE]. The
remaining variables can be expressed as a combination of these variables and the total
concentrations,

[BPA] =Ar—A— 4, - [ApE]’
[FPB] =Br—-B—-B, - [BPA]’
[KTFp] =lp—F—I— [FpB] - [KpF] - [FpR]’
[KT] = Kr — K — K, — [KTFE,] — [K,F],

R =R —[F,R],



E = Er — [A,E].

The equations corresponding to these reactions are

dK
= = ~ThiK + kp [KT] + vy [K,F],
dK,
— = ks[KT] = kK F + kg [K,F],
dF
O = kK F + k[ K,F] + v KTE | + ksy [F,B] — ksFB, + velFoR],
dF,
d_tp - VK[KpF] — k3 [KTIE, + k3p[KTFp] — kaFpB + kyp [FPB] —kgFR + k8p[FpR]’
dB
= = ~kaFoB + kup|F,B] + koy [ ByA] — k7 BAy,
dB,
—2 = kep|FB] — ksFB, — keByA + key[B,A],
dA
dat ~ —ksBpA + kep|BpA] + ve[4,E],
dA,
— = kop[ByA] = ksBA, = koApE + kop[4,E],
d[K,F
% = k,K,F — (kyp + v ) [K,F],
d[F,R]
T kgF,R — (k8p + VR)[FPR]'
d|4pE]
—— = koAyE — (kop + vE)[A,E].

Here, the rate constants assigned to the different reactions as follows,

i.  Autophosphorylation of K: k;, kq, are the association-dissociation rates for the reaction

intermediate [KT], and k is the rate of formation of K, from this reaction intermediate.

ii.  Phosphotransfer from K, to F: k;, k,,, are the association-dissociation rates for the reaction

intermediate [KpF], and v is the rate of formation of F, from this reaction intermediate.

iii.  Dephosphorylation of F, by [KT] : ks, k3, are the association-dissociation rates for the

reaction intermediate [KTFP], and vp is the rate of formation of F from this reaction

intermediate.

iv.  Phosphotransfer from F, to B: ky, k4, are the association-dissociation rates for the reaction

intermediate [FpB] from the reactants Fp and B.



Vi.

Vii.

viii.

Reverse phosphotransfer from B, to F: ks, ks, are the association-dissociation rates for the
reaction intermediate [FpB] from the reactants B, and F.

Phosphotransfer from B, to A: kg, ke, are the association-dissociation rates for the reaction
intermediate [BpA] from the reactants B, and A.

Reverse phosphotransfer from A, to B: k5, k7, are the association-dissociation rates for the
reaction intermediate [BpA] from the reactants A, and B.

Dephosphorylation of E, by R: kg, kg, are the association-dissociation rates for the reaction
intermediate [FpR], and vy is the rate of formation of F from this reaction intermediate.
Dephosphorylation of A, by E: ko, kqp, are the association-dissociation rates for the reaction
intermediate [ApE], and vg is the rate of formation of A from this reaction intermediate.
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Parameter values are based on [1], k; =k, = ks = =ky=ks =k =k, =kg =

103

k9'k1p=k2p=k3p=vK=VP=F=k4p=k5p=k6p=k7p=k8p=k9p=vR=

2
Vg, kg = %,AT = By = Fy = K; = 1000nM, E; = Ry = 100nM.

The steady state for different total concentrations of SpoOF is computed by numerically
integrating these equations using ode23s (Supp. Fig. S2H). For the computation with no reverse
phosphotransfer, the corresponding rate constants are set to zero, ks = k; = kyp, = kep = 0.
Similarly, for the computation with no SpoOF phosphatase, the corresponding parameters are
set to zero, Ry = kg = kgp = Vg = k3 = k3, = vp = 0. There is an additional constraint as the
reaction intermediate [KTFp] does not exist. Enforcing this constraint ([KTFp] = 0) reduces
the number of differential equations by one as the value of another reaction intermediate
[K,F] is already determined, [K,F| = F; — F — E, — [E,B] — [E,R].
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