SUPPLEMENTAL MATERIAL

TABLE I: parameters in G-protein cycle

parameter value References and Notes
k1 0.12nM Tmin~ T [2 x 10°M 15~ T (12)
k2 0.6min * 0.01 s~ T (12)
k3 0.24min ™" 4x 10 %s 1 (12)
k4 320nM - min~ ' |[fit to the time-course of G protein activation
K5 7 oM (12).(See Fig.2A )
k6 30nM -min~ " |4(molecules/cell)s " (12)
k7 0.024min~" |4 x 107 %s~ T (12)
k8 0.0048min~ 1 |10~ °(molecules/cell) " Ts~ T (12)
k9 115nM - min~1 [fit to the time-course of G protein activation
k10 60 nM (12)(See Fig.2A),
k11 20nM -min~ ' |and experimental data that G protein increased from
k12 0.08min~" 8000 molecules/cell to 12000 molecules/cell (8)
k13 0.24min ™" 4x10 %1 (12)
k14  [0.025nM Tmin~1[0.11s7 T (12)
k15 480nM tmin~ T |1(molecule/cell) s~ 1(12)

TABLE II: parameters in recruitment of scaffolds

parameter value References and Notes
k16 0.05nM " Tmin~T t1/9 = 8.22s for Steds’ recovery
k17 5min at shmoo tips (49)
k18  [0.00007nM ~Tmin~T|fit to (24)
k19 0.001min~T (See Fig.2C. )
k22 0.3min 1 Ste5 undergoes continuous shuttle without
pheromone induction, and yet most are se-
questered in the nucleus. Thus, the exportation
speed is assumed to be slow.
k23 30min " t1/2 = 2s for the recovery of steb in the nucleus.
(49)
TABLE III: dephosphorylation
protein al d1 pl a2 d2 p2
(nM ™ min™t) (min™") (min™") (nM ™ min™h) (min™") (min™")
Stell(MAPKKK) 0.5 24 10 1 24 10
Ste7(MAPKK) 0.5 24 10 0.5 24 10
Fus3(MAPK) 0.2 10 30 0.4 20 30




TABLE IV: phosphorylation in cytosol

protein a3 d3 p3 ad d4 p4
(nMtmin™?t) (min™1) (min™1) (nMtmin~?t) (min™1) (min™1)

Ste7(MAPKK) 1 36 10 1 36 10

Fus3(MAPK) 0.1 36 10 0.1 36 10

Notes: Equations of reaction in this part are all in the following form: S + F % SE 2 5% + F.

As for the underset n:

1: dephosphorylation of the once phosphorylated kinase; 2: dephosphorylation of the twice phosphorylated kinase; 3: once
phosphorylation; 4: twice phosphorylation. Parameters are estimated in analogy to Ref.11.
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TABLE V: Other reactions in the cytosol

parameter value References
k24 1.2 nM tmin~T Ref.23
k25 24min~t Ref.23
k26 0.0015 nM Imin~1 Ref.40
k27 0.1 min~1 Ref.41
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FIG. 1: 27 kinds of scaffold-kinase complexes




Cl+ MEKK = C2
Cl4+ MEK xx — C5
C2 - C3

C2+ MAPK = C12
C3+ MEK %% +— C10
Ci+ MEKK = C8
C4+ MAPK x*x — C19
C5+ MAPK = C17
C6+ MEKK x*x = C13
C7+ MEKK xx = C14
C7+ MEK = C19

C8 4+ MAPK % x «— (C23
C9+ MAPK xx — C25
C104+ MAPK *x «— C27
C12 — C13
Cl13+ MEK = C21
Cl4+ MEK = C25
C154+ MEK xx — C26
C17 — C18
Cl18+ MEKK x x = C27
C19+ MEKK = C23

C22 — C24
C24 — C27

Cl+ MEKK xx =C3
Cl+ MAPK = (C6
C24+ MEK =C8

C2+ MAPK % x — (C15
C3+ MAPK = C13
Ci+ MEKK xx = C9
C5+ MEKK xx = C10
Ch+ MAPK % x — (C18
C6+ MEK = C16
C7+ MEKK = C15
8 — C9

C9 — C10

C10 +— C11

Cll+ MAPK = C22
Cl124+ MEK = C20
Cl13+ MEK xx «— C24
Cl4+ MEK % x — C27
Cl6 + MEKK *x = (C21
Cl1T+ MEKK xx = (C24
C18 + MEKK = (C26
C20 — C21

C22 — C26
C25 — C27

Cl+ MEK =C4
Cl4+ MAPK xx — C7
C2+ MEK ** +— C11
C3+ MEK =(C9
C3+ MAPK xx «— (C14
C4+ MAPK = C16
Cs+ MEKK = C11
C6+ MEKK = C12
C6+ MEK % *x «— C17
C7T+ MEK xx — C18
C8+ MAPK = C20
C9+ MAPK = C21
C104+ MAPK = C24
Cl1ll 4+ MAPK x x — C26
Cl12 + MEK % x «— C22
C14 — C15
Cl154+ MEK = C23
C16 + MEKK = C20
Cl17T+ MEKK = C22
C19+ MEKK xx = (C25
C21 — C24

C23 — C25
C26 — C27

TABLE VI: parameters in MAPK cascade on scaffold

Protein on off **on **off phosphorylation|  References and notes

(nM~* (min™t)  (nM! (min~')  (min™!)

min~1) min™)
Stell 1.2 10 1 10 20 Stellpp can rebind to the scafold (27)
(MAP
KKK)
Ste7 1.2 0.1 - 0.5; 46 Ste7pp in the scaffold undergoes hyper-
(MAP 20 phosphorylation by Fus3pp, which accel-
KK) erates Ste7’s dissociation from the scaffold
Fus3 1.2 10 - 200 250 t1/2 = 0.3s for the recovery of Fuspp in
(MAPK) shmoo tips(10,57)




TABLE VII: parameters in downstream reactions

protein value References and Notes
k28 6nMmin !
k29 40nM
k30 0.01min""
k31 0.5nMmin”"
k32 10nM
k33 2nMmin”"
k34 TnM
k35 0.002min”"
k36 8nM~"min”"
k37 Imin T
k38 10min”"
k39 10min”"
k40 0.1nM"min”"
k41 0.0Imin”"
k42 0.01nM ~'min”"
k43 0.Lmin”"
k44 32nMmin T fit the time course of Sst2 determined in experiment (8)
k45 1nM the same as k44
k46 0.052min " the sam as k44
k47 10min T t1/2 = 4s for the recovery of Fus3in nucleus (57)
k48 1dmin~" [Fus3in]/[Fus3out] = 1.4 at t = 0 (45)
k49 8min ! [Fus3in]/[Fus3out) = 2 after 60 min treatment of
k50 15min " a-factor (45)
TABLE VIII: initial amount of proteins
Protein value(nM) notes and references
Ste2 1000 8000 mole/cell (8)
Sst2 250 2000 mole/cell (8)
G protein 1000 8000 mole/cell (8)
Ste20 1000
Stell 200 less than 2000 mole/cell(1)
Fus3Ste7 200 Total amount of Ste7 should be less than 2000 mole/cell, and about 95% of
Ste7 10 Ste7 is in the form of Fus3Ste7 before pheromone induction (1)
Fus3in 700 about 5000 mole/cell (1), and before pheromone
Fus3out 300 induction, [Fus3in]/[Fus3out] = 1.4 (45)
MEKK-P 100
MEK-P 100
MAPK-Pin 100
MAPK-Pout 100
Stebin 125 )
Stebout 0.1
Cdc28 100




TABLE IX: mutants

No. Mutant Behavior Implementation Reference
1 Ste239°%  (endocyto- G protein activation k3=0.08 Ref.12
sis of receptor Ste2 is levels up
impaired)
2 treated with cyclo- G protein cycle is k31=k32=k44= Ref.12
heximide(synthesis closed down k4=k9=0
inhibitor)
3 SST2A super-sensitivity k44=0 Ref.8
upon pheromone
induction
4 2 x S5T2 response upon k44=64, Ref.8
pheromone reduces [Sst2]t=0=500 nM
5 2 x GBy super-sensitivity  to [GB7]t=0 = 1000nM Ref.8
pheromone induction
6 negative  feedbacks activation of Fus3pp k26=k27=k31=
are cut down doesn’t attenuate k44=0
with time
7 dissociating activation of Fus3pp x*x0f frx = 0.5
speed for hyper- doesn’t attenuate
phosphorylated with time
Ste7pp is slowed
down
8 dissociating speed activation of Fus3pp xxof fxx =20
for normal Ste7pp is decreases
enhanced
9 shuttle of the scaffold super-sensitivity  to k22=k23=0
Steb is cut down pheromone induction
10 Stell is continuously Ste7pp is activated [Stellppli=o =
activated while Fus3pp is re- 100nM,
pressed down d[Stellpp]/dt=0,
[a-factor]=0
11 Ste7 is continuously Fus3pp isn’t [SteTppli=o = Ref.46
activated activated 100nM,

d[Ste7pp]/dt=0,
[a-factor]=0




ODE functions:

d[Ste2] _ k1| Factor][Ste2] + k2[Ste2 ] — k7[Ste2] + k4[Stel2qctive)? ko
—kllae — factor e € vel = € k52 + [Stel2active]®
- active k52 4 [Stel2qctive]?
d[Ste2
% = kl[a — factor][Ste2] — k2[Ste2active] — k3[Ste2active]
d[Sst2acrive] _ _ K44[Stel2acrive]l” k46[Sst20ctive]
dt k452 + [St@lzacti'ue]2
d[G] es(stes 1G] + K15(Gad][Gar] + k9[St€12activc]2 k12[G] + k11
e 7 B
o active AT 3102 + [Stel2qctive]?
d[Gut]
i = k8lSte2acive][G] — k13[Gat] — K14[Gat][Sst2active]
d[God
[d: L K13[Gat] + K14 t][S5t20crive] — K15[Cad][Gar]
diGpn _

dt
k8[Ste2qctive][G] —k15[Gad][Gpv] —k40[G ] [Farlppout] +k41[FarlppGgy] —k16[Sted5out][Gpy]+k17G 3y Sted —k18[G3~][Ste20]+k19G 3ySte20

d[Ste20]

= —k18[Ggv][Ste20] + k19G3vSte20 — k18[Ste20]GgvySted + k19C1
d[MAPK — P,y¢]
—— =
d2k ) [Fus3ppM APK — P] +

d[Fus3in]

—alg[Fus3p][MAPK — Poyt] + (dlkx + pli)[Fus3pMAPK — P] — a2k [Fus3ppout][MAPK — Poyi] + (02K +
k31[Stel2active]?

k52 + [Stel2qctive]?

—kAT[Fus3in] + k48[ Fus3out] + pli [Fusdpin MAPK — P

d[Fus3ppin MAPK — P)

= a2k [Fus3ppin][MAPK — P;,] — d2kx[Fus3ppin MAPK — P] — p2 [Fus3pp;n MAPK — P]

d[Stell
ASteU] ek [StellpMEKK — P)+ of fxcxcxc (C2 + C8 + C11+ C12 4 C15 4 €20 + 022 + C23 + C26) — ong x x [Stel1)(C4 + C6 + CT +

C1+ C16 + C17 + C18 + C19 + C5) — k26[Stel1][Fus3pp]
d[FusS;Dz‘nMAPK — P]
= alg[Fus3pin][MAPK — P;y,] — dlk [Fus3pin MAPK — P] — plig[Fus3p;n MAPK — P]

d[Stell
M —alg gk |[Stellp](W1—[StellpMEKK — P]— [StellppM EKK — P))+dl gk x [StellpM EKK — Pl + p2 k k [StellppM EK K — P)

d[StellpMEKK P

= algkk[Stellp](W1 — [StellpM EKK — P] — [StellppM EKK — P]) — (dlxkkk + Pl kK )[StellpM EKK — P]

d[Fus3p7¢n]
———————— = p2g [Fus3pp;n MAPK — P] — alg [Fus3pin|[MAPK — P;,] + dlk[Fus3p;n MAPK — P]

d[Stell
AStPP] o [Stelipp) (W1 — [StellpMEKK — P] — [StellppMEKK — P|) + d2xcxc i [StellppM EK K — P] — a3 i [Stel1pp][SteT] +

dt
(d3kx Kk + P3K K )[StellppSteT] — adk k [Stellpp][SteTp] + (ddx k + pdr K )[StellppSteTp] + * * of fx k Kk (C3 + C10+ C9 + C13 + C14 + C21 +
C24 4 025 + C27) — * * ong ki [Stellpp](C1l 4+ C4 + C5 + C6 + C7 + C16 + C17 + C18 + C19)

d[StellppM EKK — P
[Stellpp | a2k [Stellpp)(W1 — [StellpMEKK — P — [StellppM EKK — P)) — (d2x xx + p2x k) [Stel 1ppM EK K — P]

dt
d[SteT
[SteT] = —a3x i [SteT][Stellpp] + d3 ki [StellppSte7] + pli k [SteTpM EK — P| + of fx i (C4 + C8 + C9 + C16 + C19 + C20 + C21 + C23 +

dt
C25) — ong i [Ste7](C1+ C2+ C3+ C6+ CT7+ C12+ C13 4+ C14 + C15) — k24[SteT|[Fus3out] + k25[Fus3SteT)
d[StcllppSte?]
———————— = a3k Kk |[Stellpp][SteT] — (d3x Kk + P3K K )[StellppSteT]

d[Ste?
M —alxx (W2 — [SteTpMEK — P] — [SteTppMEK — P))[SteTp] + dlx x [SteTpMEK — P] + p3x i [StellppSteT] —

d
ad gk [SteTp][Stellpp] + ddk ik [StellppSteTp] + p2k ik [SteTppM EK — P)
d[SteTpM EK — P)
—————— = algk|[SteTp](W2 — [SteTpM EK — P] — [SteTppM EK — P]) — (dlxx + plxk)[SteTpM EK — P]

dt
d[StellppSteT
w adk i [Stellpp][SteTp] — (d4x x + pdx K )[StellppSteTp]

d[Stebou
% —k16[Stebout] ([Gp] + GySte20) 4+ klT(C1 + Gy Sted) + k22[Stebin] — k23[Stebout]
d[Stel2qctive k28[Fus3ppin
[Stel2active] _ [FusSpPin] _ 4aiiste120 mi0e]
dt T k29 + [Fus3ppin]
d[Farli,] k33[Stel2qctive)?
= — k36[Farl;y|[Fus3ppin| — k35[Farl; k37[Farlpp;
dt k342 + [Stel2qctive]? [Farlin][Fus3ppin] [Farlin] + k37[Farlppin]
d[Farlpp;y]

= k36[Farl;,]|[Fus3ppin] — k37[Farlpp;,] — k38[Farlpp:,] + k39[Farlppoyt] — k43[Farlpp;,][Cdc28] + k42[FarlppCdc28]

dt
d[FarlppG
M = k40[Ggv][Farlppout] — k41[FarlppGg~y]

dt
d[Cdc28
d[Cde28] = k42[FarlppCdc28] — k43[Farlpp;,][Cdc28]

d[FarlppCdc28
dlFarlppCde2s) = —k42[FarlppCdc28| + k43[Farlpp;,][Cdc28]

dt
d[Ste7pp]
—————— = —a2kk[SteTpp]| (W2 — [SteTpM EK — P] — [SteTppM EK — P]) 4+ d2x k [SteTppM EK — P] + p4x i [StellppSteTp] —
aBK[Ste7pp][Fu530ut] + (d3k + p3K)[Ste7TppFus3] — adk [SteTpp][Fus3p) + (ddk + pdk)[SteTppFus3p] + = x of fx x (C5 + C10 + C11 + C17 +
€22+ C24) + % % of fo ;o (C18 + C26 + C27) — k27[SteTpp

d[SteTppM EK — P
dSteTppMEK =PI _ )  [SteTpp)(W2 — [SteTpMEK — P] — [SteTppMEK — P]) — (d2x . + p2icic)[SteTppMEK — P]

i
A[Fus3ou
w = —a3x [SteTpp][Fusdout] + d3x [SteTppFus3] + plx [Fus3pMAPK — P| + of fx(C6 + C12 + C13 + C16 + C17 + €20 + C21 +

22 + C24) — ong [Fus3out](C1 4+ C2 4 C3 + C4 + C5 + C8 + C9 + C10 + C11) — k24[Ste7][Fus3out] + k25[Fus3Ste7] + kdT[Fus3in] —
k32[5t612acmve}2

k52 + [Stel2qctive]?
= a3k [SteTpp|[Fus3out] — (d3kx + p3K)[SteTppFus3]

k48[Fus3out] +
d[SteTppFus3]

dt
d[Fus3p]

dt
—alg [Fus3p|[MAPK — Pyyt)|+dl g [Fus3pM APK — P]+p3k [Ste7TppFus3] —ad i [SteTpp][Fus3p|+dd ik [SteTppFus3p|+p2k [Fus3ppM APK — P]
d[Fus3pM APK — P]
= alg [Fus3p|[MAPK — Pyyui] — (dlg + pli)[Fus3pM APK — P]

dt
d[SteTppFus3p|

N = adk [SteTpp][Fus3p] — (ddk + pdk)[SteTppFus3p]



d[Fus3ppou
UIP0t] o (Fusppoud] [MAPK — Poue] + d2 [FussppMAPK — P| 4 pi[SteTppFusp] + = of fic(CT + C14 + C15 4 C18 4 C19 4

dt
C23 + C25+ C26 + C27) + k49[Fus3ppin] — k50[Fus3ppout)

d[Fus3ppM APK — P]
7 = a2k [Fus3ppout|[MAPK — Pyyut] — (d2k + p2k ) [Fus3ppM APK — P]

= —Cl(onkkk[Stell] + * * onk ki [Stellpp] + onk k [SteT] + onk [Fus3out]) + of fuk kC2 + * % of frk k k C3 + of fr k C4 + * *

of fkkCS+ of fkC6 + % * of fr C7 + k18[Ste20][GzySte5] — k19C1 + k16[G3ySte20][Steboyt] — k17C1

dC2

—— =ongrgkC1l[Stell] —of fkk kC2 — pPx k kK C2 — onk Kk [SteT|C2 — onk [Fus3out]C2+ of fkk C8 + x*xof fk k C11 4+ of fx C12+ x x of fx C15

dC1

dt

dC3
e wxkon i ki [Stellpp]Cl+pr k k C2—onk k [SteT|C3—onk [Fus3out]C3+of fx k CO+x*of fx k C104of fx C13+xxof fx Cld—xxof fx k k C3
dca

dt
onkg g C1[Ste7]—of fx k C4—onk k Kk [Stell]C4—xxonk gk C4[Stellpp] —onk [Fus3out|CA4+of fk k k C8+*x0f fx k k CIO+of fr C1l6+**0of fx C19
dC5
s —xxonK kK [Stellpp]Ch—onk kK [Stell]C5—onk [Fusdout]Co+x**of fk k k Cl0+of fkk k Cll14+0f frC17+**x0f frC18—*xof fr k C5
dCé

7 — x xong g ik [Stellpp]C6 + onkg C1[Fus3out] — of fkC6 — onk k k[Stell]C6 — onk k [Ste7]C6 + of fx k kC12 + * x of fx k k C13 +
OffKKC16 =+ x % OffKKcl7

% = —xxonk KK [Stellpp|CT—onk x k[Stell]CT —onk k [SteT|CT+xx0f fx k k C14+0f fx k k C15+ %% 0f f1c ;x C1840f frex C19— % of frc CT
B kKO8 — onx [Fusou]C8 — (of ficxcxc + 0f fi)08 + onrecc[Se11]O4 + oncc[SteTIO2 + 0f fic 020 + » » o f1c 023

dTC;Q =« ongx k CA[Stellpp] — prr C9 — (x* of fre ki + 0f fr i) C9 — on g [Fus3oue]C9 + ong xc [SteT|C3 + of fre C21 + % x of fxe C25 + prerc ik 8
% = *x onp i [Stellpp]C5 — (x *x of frx ki + * % 0f fix k) C10 — ong [Fus3out]C10 + of fx O24 + * * of fx O27 + pr xk k C11 + pre e C9
% = —prkrkkCll — (of fkkk +* * of fkk)C11l — ong [Fus3,ut]C1l + onk x k [Stell]C5 + of fx C22 + x x of fx C26

T2 = ik C12 — onx [S6eTIO12 — (of ficxcxc + 0f Fi)CI2 + onic i [StelICE + on [Fus3ouc]C2 + 0f ficxc 020 + # % of ficx 022

% = *x ong kK [Stellpp]C6 — (x x of fr kk + 0f fK)C13 — onk K [SteT]C13 + onk [Fus3out]C3 + of fkk C21 + * * of fk k C24 + pr K Kk C12
% = % % ong ki [StellpplCT — (+ * of frc ki + * * 0f fi)C14 — on i [SteT)C14 + of frc i C25 + * * of f1c ;x C27 + px c k C15

% = —prrrC15 — (of fKiK + * * of fx)O15 — ong i [SteT]|C15 + onx k k [Stell]CT 4 of fre w C23 + * * of f1c 1 C26

% = —xxonk kK [Stellpp]C16—onk ki [Stell]C16—(of fx k +0f fi)C16+onk ik [SteT]|C6+onk [Fusdout]C4+of fx k k C20+*x0f fi x k C21
% = —*x*xong kK [Stellpp]C17 —px C17 — (x xof fx x + 0f fx)C17 — ong Kk [Stell]C17 + ong [Fus3out]C5+ of frk k k C22 4 x x of fx k k C24
d2't18 = — x xong g Kk [Stellpp]C18 — (* * off}(K +*x*x0f fr)C18 — ong Kk [Stell]C18 + of fk k k C26 + * * of fx k Kk C27 + px C17

% — — wvonrrr[Stellpp]Cl9 — (of frre + # * of f1)C19 — onx s x [Stel1]C19 + onx k [SteT|CT + of frerc 1 C23 + % % of frc 1 C25

difo = —(of fxxx +of fxk + 0of f)C20 — (P kK )C20 + onk Kk ik [Stell]C16 + onk i [Ste7]C12 + on g [Fus3oy:]C8

% = onk ik [Stellpp]C16 — (x x of fr kk + of fxk + of fx)C21 — (PKk K )C21 + onk i [Ste7]|C13 + onk [Fus30ut]C9 + pr xx C20

dij = —(offkxx +**of fkx + of fx)C22 — (px KK + PK)C22 4+ onk kK [Stell]C1T + onk [Fus3,:]C11

% — —(offrri +of frr + %% 0f f1)C23 — (precr)C23 + onr i [Stell]C19 + on x [SteT|C15

dif4 = **x ongrKk[Stellpp|C17 — (x x of fr kK + * * of fK K + 0f frx)C24 — pr C24 4 onk [Fus30ut]C10 + prxk k C22 + prrx C21

% — w % on i [Stellpp]C19 — (x % of fr ik + of fric + % % 0f f1)C25 — prc s C25 + onx x [SteT|C14 + prc s 1 C23

d(;;t% = —(of fxrr +**0f frere + %% 0f f)026 — Dk k C26 + on x  [Stell]C18 + pr C22

dCc27

7 = %% ong g K [Stellpp]C18 — (x * of fk kK Kk + * * off;(K +*xx0f fK)C27T+ prxk kC26 + px kK C25 + pr C24
d[Fus3SteT
AFusSSteT] o (SteT][Fusdons] — k25(Fus3SteT]

dt
d[Ste5;
ASthind _ ho(Stesn] + k23[Ste5 o]
d[Fiss ]
M = —k49[Fus3ppin] + k50[Fus3ppout] — a2k [Fus3ppin][MAPK — P;,] + d2k [Fus3pp;n MAPK — P)]

dt
d[MAPK — P;
% = —alg[Fus3pin][MAPK — P;,] + (dl1k + plk)[Fus3pin MAPK — P] — a2k [Fus3pp;n][MAPK — P;,] + (p2K +

d25)[Fus3 MAPK — P] + k31[Stel2qctive)?
us in — _follotellactive]l
. " k52 + [Stel2active]®

d[Farlppout
dlFarippout) = —k40[Farlppout][GpY] + k41[FarlppGay] + k38[Farlpp;n] — k39[Farlppout)

dt
d[GzvySteb
ACETYSD] 161G yy][Stebous] — k17(G gy Stes] — k18]G gy Stes][Ste20] + K19[C1]

d
d[GzySte20]

7 —k16[G gySte20][Stebount] + k17[C1] + k18[G3~][Ste20] — k19[G gy Ste20]



