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The system of differential equations describing the kinetic proofreading in quorum

sensing signal discrimination model are entered below:

QBSF = {R' [t] ==Ky +ky, #y* RI[t] -kyi* A+ R[t] -d; » R[t],
RL' [t] ==Ky *A* R[t]1+2 xky *B» DI[t] -Kky »y*RL[t] -a;+d, xRL[t] -
2% ko % RI[t ]2,
DL' [t] == kox RL[t1%-Kp #B* DL[t] - ap»d; *DL[t]
b

Tabl eFor m[QSSF]

R[t]=-R[t]d -R[t] A Ky+k& +yRL[t] Ky,
RL'[t] =R[t]A ks ~2RL[t ]2k, -y RL[t ] ky, +23DL[t] ky ~-RL[t] dr oy
D1'[t] =RL[t]?k, -BDL[t] kp, -DL[t] d; o

A base parameter set is defined (see table S1 for an explanation of each parameter value)

baseparams= {k; -> 20, ki ->.1, kg, ->1, ky ->.1, kp ->1, dr, ->.023,
B—>1, a1->l, a2—>l, )’—)l, A]_—)].OO, A2—)100}

{kr - 20, k; - 0.1, klr -1, ko -0.1, k2r -1,
dr1%0.023, B->1, oy 1, ap -1, y->1, A - 100, Azeloo}
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Solve the system at steady state

QSSFFi xedPoi nts =
Sinplify[Sol ve[{QSSF[[1, 2]] =0, QSSF[[2, 2]] =0, QSSF[[3, 2]] =0},
{R[t], RL[t], D1[t]}1]

{{R[t ] -
1

4d, (dr + A Kky)2 Ko ap
4d2ky Ky ap -4 Ay dp ky ko Ky o + 32 dZKE, o +y dP kg, ag ap +
v As d? ky K1, a1 a2 + v Ky, \/(dr (Bky, +dr a2) (8A1 ki (dy + At ky) ko Ky op +
dr (v kg, + (dr + A ky) 0n)? (BKg, +dr 02))) ),
DL[t] > ! (B¥?d ki, kg, +2 By d? ky, ka, g +
8d; (dr +A; ky)2ky o3
2 By A dr kg kg, kap, O(1+Bd;°’k2r ot§+2[3’A1dr2k1k2r of +
B AZ d, kszr o +4 A d; kg ko Ky op + 4 AF k2 ks ki O(2+7/2d?k%r o2 +
27{d?k1r 0(10(2+2)/A1dr2k1k1r g o +dF oZ ap + 2 A d3 Ky of ap +
P dZk3od op +y Ky, +f (dr (BKz +dr a2) (8 ALKy (dr +As k) Ko ke oz +
di (vky + (dr +Arka) a1)? (Bkg +dr o) )) +
dr o1 +/ (dr (Bkz +dr o2) (8Arky (dr +Apky) ko ke o +
di (vky + (dr +Arka) a1)? (Bkg +dr o) )) +
Ap ki og+/ (dre (Bkz +dr o) (8ALky (dr + A ky) ko ke ap +
dr (v kg, + (dr + A ky) 0n)? (BKa +dr 02)))),
Rl[t]e7<[37/dr K1, k2r+Bd|r2k2r ag + B A dr Ky ko, oc1+7/d,2k1r ap +d¥ ag o +
A d? ky o O(2+\/(dr (Bky +dr a2) (8A1 ki (dr + A ky) ko ke ap +dy
(vki, + (dr +Arky) a1)? (Bky +dr a2)))) / (4dr (dr + A ks) ko 062)},
1
4d; (dr + A ki)2 ko o
By A dr Ky Ky, Ko, oq -4 d2 ko ke o -4 Ay dy Ky Ko kr oz +
2 dZ ki ap + yd¥ky, og o+ v A diky kg, og 0z -
vk, +/ (dr (Bkz +dr ag) (8 Acky (dr +Asky) ko ke ap +
dr (vky + (dr +Arky) a1)? (Bkg +dr a2))) ),
D1[t] - ! <By2dr ki kg +2pBvydfky ka ag+
8 d; (dr+Alk1)2k20(%
2 By A dr kg Ky, Ko, O(1+Bd§k2r O(%+2/3A1dr2k1k2r g +
BAZdr KZkp, af +4 A dr kg ko ke o +4 A2 kE ko ki oc2+7/2d?k%r o +
2y diky, ogap+2y A dikyky, agop+dfofap+2Add ke of ap +
A2 d? k2 o az - v Ky, \/(dr (Bky, +dr a2) (8A1 ki (dr + At ky) ko Ky o +
dr (vky + (dr +Arky) ag)? (Bky +dr az))) -

(B¥?dr ki, kg, + By dZky, ko, aq + By AL dr Ky Ky, Ko, o -

{R[t] = = (B¥?dr ki, kg, + By d?ky, ka ag +
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dr oq +/ (dr (Bky +dr a2) (8Arky (dr +AsKy) ko ke g +
dr (v kg + (dr +Arky) 01)? (Bkg +dr 02))) -
Ap ki ag +/ (dr (Bkg, +dr a2) (8 ALKy (dr +Agks) ko ke oz +
di (vky + (dr +Arka) a1)? (Bka +dr a2))) ),
Rl[t]e7<Bydr Ky, k2r+/3d|r2k2r ai + B AL dr Ky Ka, ot1+7(dr2k1r ap +d3 ag o +
ArdZ Ky ag op -~/ (dr (Bka, +dr 02) (8 Ap ks (dr + Ay Ky) Ko Kp ap + dy

(vky, + (dr +Arky) o)? (Bky +droz)))) / (4de (dr + Arky) ko az)}}

Check the fixed points for the base parameter values to determine which solution provides the biologically relevant one
(i.e. product concentrations are not |ess than 0)

QSSFFi xedPoi nts[[1,
QSSFFi xedPoi nts[[2,
QSSFFi xedPoi nts[[1,
QSSFFi xedPoi nts[[2,
QSSFFi xedPoi nts[[1,
QSSFFi xedPoi nts[[2,

2]]
2]]
2]]
2]]
2]]
2]]

baseparam/. d; » 10
baseparam/. d; » 10
baseparam/. d; » 10
baseparam/. d; » 10
baseparam/. d; » 10
baseparam/. d; » 10

W wNN PP P
>SS

-1. 93436

1. 04686

31. 3108

0. 00798447

-58. 6872

0.937172

Introduce the dissociation constant, K=k 1,/k 1=k »,/k , and then alow kq, k; , ko, and ky to approach infinity asa
mathematical representation of infinitely fast binding kinetics, note that this procedure only requires taking the limitsas k1
and k2 approach infinity following substitution for ky
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fast bi ndR = QSSFFi xedPoi nts[[2, 1, 21] /. {ki, -» (KKy1), kz - (Kkz)};
fast bi ndRL = QSSFFi xedPoi nts[[2, 3, 2]] /. {ki, » (KKk1), kz -» (Kk2)};
fast bi ndD1 = QSSFFi xedPoi nts[[2, 2, 2]] /. {ki, » (Kk1), ky - (Kk2)};
Limt[Limt[fastbindR, k- Infinity], ki -Infinity]
Limt [Limt [fastbi ndRl, k, - Infinity], ky ->Infinity]
Limt [Limt[fastbindDl, k, - Infinity], ki >Infinity]

Ky (KBdr (Ky+Arar) -+/KBdr (KBdr (Ky+Apa)?+8A2 K o) )

4A% dr a2

KB dr (Ky+Aiag) ++/KBdr (KBdr (Ky+Aa1)2+8Ak o)
4A1dr a2

1
8 A2 d; o3

(KBde (Ky+ALo1)2+4 Ak oz - Ky A[KBdr (KBd (Ky+Arar)?+8A ks o) -

Avas /KB dr (KBdr (Ky+A a1)2+8A2 K a )

Compute the steady-state concentrations of D1 and D2 and then take their ratio to determine f

synmbD1 =
Si npl i fy [QSSFFi xedPoi nts[[2, 2, 2]] /.
{al—)drl/dr, a2—>dr1/d,, [3—)1, )’—)1}]
synmbD2 = Si npl i fy [QSSFFi xedPoi nts[[2, 2, 2]] /. AL » Ayl
synbf = Si nplify[synbDl /synbD2]
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1
8dr21 (dr +A1 k1)2 k2

A2 d? k3 4 A3 d,, k3 ko ke
d; drd?l+2A1d,31k1+d7r1+4A1drlk1k2k,+ ;r +2d d2 Ky, +
A d?, Ki ko,
2A1 drzl k]_ klr +dr drl k%r +dr drzl k2r +2A1 drzl k]_ k2r + di +
r

2dr drl klr k2r +2A1 drl k]_ klr k2r +dr k%r k2r —drl \/ [dr <dr1 +k2r>

8 Ardr kg (dr + A Kky) Ko Ky A; kg 2
a + r[rl [l+ J+k1r) <dr1+k2r) =

1 8 Ardr ki (dr + A ky) Ko Ky
d—Al drl k1 d (drl+k2r> +

r

r dr

A kg z
dr (drl (1+ d ) +k1r] (dr1+k2r>]] _klr [dr (dr1+k2r>

1+A;k1) +k1r)2 (d,1+k2,)m

r

8 A; dr, kg (dr +Aq Kky) ko k¢
! dr |d
d, + Ur r

1
8dr (dr +Axky)?ky o3
(Byzdr k%r K2, +2 Byd? Ky, Ko, o1 +2 By A dy Ky kg, Kp, ay +Bdd Ko, g+
2BA,dZ ki ky, of + BASdr kiky of +4 Ay dr Ky kp Ky o +
4 AS k3 ko ky ot2+3(2dr2kfr O(2+2yd,3k1r ozlo(2+27(A2d?k1k1r o1 o +
df of op + 2 Ay d® kq o oy + A3 d? k%oc%otzfyklr \/<dr (Bky, +dr o)
(8 Ao ky (dr +Axky) kp ko +dr (yky, + (dr + Az ky) aq)? (Bky +dr az))) -
dr oq +/ (dr (Bky +dr a2) (8 Axky (dr +Agky) ko ky oz +
dr (v kg + (dr +Agky) o)2 (BKz, +dr 02))) - Ap kg oa+/ (dr (Bkz +dr az)
(8A2 ki (dr +AxKq) ko Ky o +dy (v kg, + (dr +Asky) 01)? (Bkp, +d 0(2))))
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d? (dy + Az kq)?

A2 d? k% 4 A2 dr, kIkyk
3 3 1 ™M 1 Yrq R1 R2 Ry 5
dr drl+2A1dr1k1+T+4A1drlk1k2kr+ a +2d, dr1k1r+
A2 02 K2k,
2A1 dr21 kl klr +dr drl k%r +dr drzl |(2r +2A1 drzl k]_ k2r + d7+
r

2dr drl k]_r kzr +2A1 drl k]_ klr kgr +dr k%r kzr _drl \/ [dr <dr1 +k2r>

A k
l+11

+ dr [drl

8 A1 dr, ki (dr +AqKy) Ko ki 2
dr J+k1r) <dr1+k2r) -

1 8 A dr ki (dr + A ky) Ko Ky
del drl kl dr (drl + k2r ) d aF
r r

A K1 2
dr (drl (1+ d ) +k1r] (dr1+k2r> _klr dr (dr1+k2r>

r

8 Ardry ki (dr + A ky) Ko Ky A; kg 2
" +d, [drl [l+ 5 J+k1r) <dr1+k2r)
r r

r

o5 /(dr21 (dr + A1 ky)? (BYz dr ki, kg, +2 By d?ky, ko, og +

2 3y Ax dr Ky kg, ko, oc1+Bd;°’k2r ot%+2/3A2d|r2k1k2r g+
BAsdr kZky af +4 A d; Ky ko ke ap +4 A5 kT Ko ke ap +
)/Zdrzk%r o<2+2)/d$’k1r otloc2+27(A2d,2k1k1r ag o +df of ap +
2AdP kyof ag + A5 dZ ki of o - v kg, +/ (dr (BKz +dr a2)
(8 A ky (dr +Axky) kakr o +dr (v Ky, + (dr + Az ky) a1)? (Bky +dr az))) -
dr oq +/ (dr (BKz +dr a2) (8 Az Ky (dr +Ag k1) ka Ky az + dy
(y Ky, + (dr +Axky) a1)? (Bkp +d; O(z))) - Ak O(l\/(dr (Bky +dr a2)
(8 A2 ky (dr +Axky) ka kr oz +dr (v Ky, + (dr + Az ky) a1)? (Bky +dr a2)))))

Check once again that biologically relevant solutions have been achieved (i.e. concentrations not less than 0)
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synbDl1 /. baseparam/. d; » 10
synbD2 /. baseparam/. d; - 0.2

| 27.3195

| 37.3902

The expression denoted asf in equation (5) is determined, the additional assumptionsare:
1)binding kinetics much faster than protein dynamics
2)Signal concentrations are equivalent (A= Ay = Ay)

di ssocf =synbf /. {ky, » (Kki), kz -» (Kk2), Ay > A A > A},
fastbindf = Sinplify[Linmt[Linmt[dissocf, ko>Infinity], ky->Infinity]]

(dr (K3d?+Kdr (2AKdr, —+/K (K d? +2 AK d dry + AP dry (Kdp, +8K)) |+

Adr, (AKdr, +4Ake - [K (K d? + 2 AK2 d; dr) + APy (Kdr, +8ke)) )] o) /

(d2, (KBdr (Ky+Aoq)?+4 Ak 0z - (Ky+Aay)

JKBdr (KBdr (Ky+Aa1)2+8A K ap) ))

The maximum achievable limit of f occurswhena, =a, =1

| fmax = Ful | Sinplify[fastbindf /. {a; > 1, ar->1}]

- dr K3dr2+Kdr

2AKd,1—\/K<K(Kdr +Adr, )2 +8Adr ki) ] :

|/

(d?l (7KB (A+Ky)2dr -4 ARk, + (A+Ky) \[KBdr (KB (A+Ky)2dr +8A% K, ) ))

Adr, |[AKdr, +4 Ak, —\/K (K (Kdr +Ad; )% +8A2dr, k)

- ) . d
The minimum achievable limit of f occurswhenay = as = dLl
T
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| fnin="FullSinplify][fastbindf /. {a1->dr1/dr, a2—>dr1/d,}]

K3 drz +Kdr

2AKdr1—\/K(K(Kdr +Ad, )2 +8Adr k) ] v

Adrl

AKd,, +4 Ak, —\/K(K(Kdr +Adr, )2 +8Adr ki) ]]/

KB (Kydr +Adr )% +4 A dr ke -

(Ky dr +Adr,) \/K/S (KB (Kydr +Adr )?+8Adr ki) ]

Computef for irreversible (i.e. the dissociation constant, K=0) binding kinetics

Limt [fastbindf, K- 0]

dr 0(2
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