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S1 Appendix: Genetic circuits

Each of the four genetic circuits producing proteins X and Y (parallel, cascade, series

uncoupled, and series coupled) are implemented as a set of reactions describing transcription,

translation, protein export, and protein binding, as outlined below for each circuit. The following

abbreviations are used in this appendix:

P:

RNAP:

RNAPgene:

mrna.

Rib:

X/Y:

Xout/ Y.out:

sca.sca.

X/Y.sca:

XY:

YY:

PRO:

Promoter

RNA polymerase

RNA polymerase bound to DNA, in RNA elongation phase

Transcribed mRNA sequence

Ribosome

Protein X/ Y (in the cellular interior)

Protein X/ Y (exterior to the cell)

Scaffold protein, with two unoccupied binding sites

Scaffold protein, with one binding site occupied by protein X/ Y

Scaffold protein, occupied by two X proteins (termed XX)

Scaffold protein, occupied by an X protein and a Y protein (termed X7Y)

Scaffold protein, occupied by two Y proteins (termed YY)

Second polymerase co-generated with protein X in the cascade genetic circuit

Used to indicate loss of a reactant
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37

38

39

40
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Parallel Genetic Circuit

Transcription

kpro k
LY gene

P+ RNAP, " P.RNAP—— P + RNAPgenel
pro-—

km
RNAPgenel — mrnal + RNAP

km
RNAPgenel — mrna2Z + RNAP

Translation

k
mrnal + Rib - mrnal + Rib + X

k
mrna2 + Rib - mrna2 + Rib + Y

mrna-loss

k
mrnal ——— @

mrna-loss

k
mrna2 —— @

Protein export / binding

kout

X — X.out

k
YﬂgY.out

Kbind
X.out + sca.sca—> X.sca
Kpind
Y.out + sca.sca—>Y.sca
Kbind
X.sca+ X.out— X. X
Kpind
X.sca+Y.out — X.Y

k .
Y.sca+X.outﬂX.Y

k .
Y.sca+Y. outﬂY.Y

kout-ioss

X.out—— 9@

kout—1oss

Y.out—— 0@
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50
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52
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56

57

58

59

60

61

62

63

64
65

Cascade Genetic Circuit

Transcription

kaO k
P1+RNAP, _ PT7 -5 P1 + RNAPgenel

pro—
%

km
RNAPgenel — mrnal + RNAP

kpro

k ene
P2 + PRO, PPRO -5 P2 + PROgene?
pro—

km
PROgene2 — mrna2 + PRO

kpro—loss
—_—

PRO )

Translation

k
mrnal + Rib - mrnal + Rib + X + PRO

k
mrna2 + Rib > mrna2 + Rib + Y

mrna-loss

k
mrnal — @

mrna-loss

k
mrna2 ——— @

Protein export / binding

kout

X — X.out
k
Y 2 Y.out
kpinda
X.out + sca.sca— X.sca

Kbind
Y.out + sca.sca—Y.sca

k .
X.sca + X.out ﬂJl>X.X

k .
X.sca+Y.0utﬂ>X.Y

k .
Y.sca+X.outﬂi>X.Y

k .
Y.sca+Y. outﬂY.Y

out—loss

k
X.out—— @

kout-ioss

Y.out—— ¢
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Series Uncoupled Genetic Circuit

Transcription

P+ RNAP, " P.RNAP—— P + RNAPgenel
pro-—

km
RNAPgenel — mrnal + RNAPgene2

kpro
—

kgene

km
RNAPgene2 — mrna2Z + RNAP

Translation
. kp .
mrnal + Rib->mrnal + Rib+ X
k
mrna2 + Rib - mrna2 + Rib + Y
k
mrnal

k
mrna?2

Export / binding

kout

X — X.out

k
YﬂgY.out

mrna-loss

?

mrna-loss

?

Kbind
X.out + sca.sca— X.sca

Kpind
Y.out + sca.sca—>Y.sca

Kbind
X.sca+ X.out— X. X

Kpind
X.sca+Y.out — X.Y

Kpind
Y.sca+ X.out — X.Y
Y.sca+Y.out—Y.Y
X.ou

Y.ou

t

t

kout-ioss
e

kout—1oss

kpind

1)

?



88  Series Coupled Genetic Circuit

89 Transcription

kpro

LY kgene
90 P+ RNAPk P.RNAP —> P + RNAPgenel
pro—
Km
91 RNAPgenel — mrnal + RNAPgene?2
km
92 RNAPgene2 — mrna2Z + RNAP
93 Translation
k
94 mrnal + Rib - mrnal + Rib.mrnal + X
k
95 mrna2 + Rib.mrnal - mrna2 + Rib + Y
kmrna—loss
96 mrnal ——— @
Kmmrna—
97 mrna2 248 g
98  Protein export / binding
kout
99 X —X.out
kout
100 Y —Y.out
Kbind
101 X.out + sca.sca— X.sca
k .
102 Y.out + sca.sca 2Ly sca
Kbind
103 X.sca+ X.out— X. X
k .
104 X.sca+Y.outﬂi>X.Y
k .
105 Y.sca + X.out —S$ X.Y
Kbind
106 Y.sca+Y.out—Y.Y
kout—loss
107 X.out—— 0@
kout—loss
108 Y.out—— ¢

109



