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Supplementary Table 1: Parameters used in numerical simulations

10%, where x is uniformly distributed

Stimulus §
in [-5, 3] with the increment 0.2
ki, i=mGEF tGEF 1
mG*, tGEF,tG*, mGAP
tGAP 0.5
K 0.5
n (unless otherwise specified) 1.5

Parameters used in Figure 2

k teedback 0
kmGAP [0.01:0.02:0.1, 0.15:0.05:0.4, 0.5:0.1:1]
(kR k“g%G, kX% in the upper (0.5, 10, 10°)
panel in b
kR =0.5.
kR kmG G in the middle kMG and kXS are 107, where
and lower panels in b is uniformly distributed in [-2, 2] with the increment 0.2

in the lower panel or 0.1 in the middle panel

(kgl,k:g?ﬁ,kzgg) (orange) in the (100.27 1002, 1)

upper panel in d

(KR, kMG EIG) (magenta) in the

(10798100, 1)
upper panel in d

(kR kMY kGY (purple) in the

. (10—1.27 10—1.2’ 1)
upper panel in d

kR kmG EXG in the middle kR and k7' are 107, where z is uniformly
and lower panels in d distributed in [-2, 2] with the increment 0.2.

k¢ =0.01,1, or 10

Parameters used in Figure 3

fnGAP 0.5

0 and 10, z is uniformly distributed

k
feedback in [-1, 2.6] with the increment 0.2

(kB kMG kG for the

) (1,10, 10)
example 1 in a

(kB kMG LG for the

. (0.1,1079,10709)
example 2 in a

(kR kMG K'Y (purple) in the

(0.5,10~ 14 101)

upper two panels in b




(k‘R ka k,tG

on’ ‘on ) 'on

) (orange) in the
upper left panel in b

(0.5,104,102)

(kR ka ktG

on’ ‘on Y 'Yon

) (magenta) in the
upper left panel in b

(0.5,10%4,10%)

(KR k™G kG (black) in the

on’ “on ’'on

upper right panel in b

(0.5,10796,106)

(kR kMG k') (orange) in the

on’ “on 'on

upper right panel in b

(0.5,10%, 10%)

kB kmG kG in the middle

on’'“on

and lower panels in b

Same as those in Figure 2b

(KR kMG kG for the

on’ ‘on 'on

example 1 in ¢

(100.47 100.47 1)

(KR kG kG for the

on’ ‘on ) 'Yon

example 2 in ¢

(10796,107°9,1)

(k‘R k.mG k.tG

on’ ‘on ) 'Yon

) (orange in right

upper corner) in upper panels in d

(1004,10%4,1)

(KR kMG KXY (magenta) in

on’‘on Y 'Yon

upper panels in d

(1071, 10t 1)

(kR kMG KXY (orange in left

on’ “on ’''on

bottom corner) in upper panels in d

(10—0.67 10—0.6’ 1)

(KR kMG k'Y (black) in

on’ “on ''on

upper panels in d

(101,10796.1)

kE kmG kG in the middle

on’'’on

and lower panels in d

Same as those in Figure 2d

Parameters used in Supplementary Figure Iﬁ_ll and Supplementary Figure H

k(r)rTLLGAP 0.5

) (1, 10, 10)
kfeedback 1, 5, or 10

Parameters used in Supplementary Figure H and Supplementary Figure |’Z|

kaAP 0.5

on .

(KB, kmC KLG) (0.1,10705,10-05)
kfeedback 1, 5, or 10




a in upper panels in Figure 2b b in upper panels in Figure 2d
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Supplementary Figure 1: The dose-response curves for the parameter sets in Supplementary

Table 1. (a-d) Dose-response curve corresponding the kinetic parameter set used in upper panels in Figure
2b, 2d, 3b, and 3d.
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Supplementary Figure 2: The distributions of trends for every kinetic parameter in coupled
switches without feedback when using the mass action model. Same plots as in the middle panel
Figure 2b except that the varied kinetic parameter is different. The varied kinetic parameter is shown on the
right. Some of the left panels are missing, because this kinetic parameter cannot affect the distance metric
for mGTPase. One thousand parameter sets are randomly assigned in a logarithmic scale in the whole
parameter space using Latin hypercubic sampling, and each parameter is in the range [1072,10!]. Then the
varied parameter is uniformly changed from 102 to 10! in a logarithmic scale.
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Supplementary Figure 3: Same plot as Supplementary Figure E except that the Hill-function
kinetics is adopted.
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Supplementary Figure 4: DoRA of the m- and tGTPase is improved with increased feedback
strength in the mass action model. Here AND gate is applied. See Supplementary Table 1 for param-
eters.
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Supplementary Figure 5: For some kinetic parameter sets, DoRA is impaired by increased
feedback strength in the mass action model. Here AND gate is applied. See Supplementary Table 1
for parameters.
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Supplementary Figure 6: Same plot as Supplementary Figure E but OR logic is used to model

the negative feedback. See Supplementary Table 1

for parameters.
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Supplementary Figure 7: Same plot as Supplementary Figure a but OR logic is used to model
the negative feedback. See Supplementary Table 1 for parameters.
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Mass-action kinetics (OR logic)
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Supplementary Figure 8: The simulation results when using OR logic gate. (a-

b) Same plot as

the middle and bottom panels in Figure 3b except that OR logic is used to model the negative feedback.
(c-e) Same plot as the middle and bottom panels in Figure 3d except the logic gate. The panel ¢ and d has
different ranges of kfcedpack- (f) Same plot as the right panel in Figure 5d except the logic gate.
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Supplementary Figure 9: The effect of the Hill coefficient. (a-b) The scatter plots of the distance
metric with ng;; 1.5 versus that with ng;; 3 in the parameter space {kfn, k;’,‘LG, kf)g} for the circuit without

(a) or with feedback (b). The ngyy; is the Hill coefficient n mentioned in the first section. (c) Two examples
showing the different effects of ngy;; on DoRA.
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