
S1 Appendix:  Genetic circuits 1 

Each of the four genetic circuits producing proteins X and Y (parallel, cascade, series 2 

uncoupled, and series coupled) are implemented as a set of reactions describing transcription, 3 

translation, protein export, and protein binding, as outlined below for each circuit.  The following 4 

abbreviations are used in this appendix: 5 

P:  Promoter 6 

RNAP:  RNA polymerase 7 

RNAPgene: RNA polymerase bound to DNA, in RNA elongation phase 8 

mrna:  Transcribed mRNA sequence 9 

Rib:  Ribosome 10 

X / Y:  Protein X / Y (in the cellular interior) 11 

X.out / Y.out: Protein X / Y (exterior to the cell) 12 

sca.sca: Scaffold protein, with two unoccupied binding sites 13 

X/Y.sca: Scaffold protein, with one binding site occupied by protein X / Y 14 

X.X:  Scaffold protein, occupied by two X proteins (termed XX) 15 

X.Y:  Scaffold protein, occupied by an X protein and a Y protein (termed XY) 16 

Y.Y:  Scaffold protein, occupied by two Y proteins (termed YY) 17 

PRO:  Second polymerase co-generated with protein X in the cascade genetic circuit 18 

Ø:  Used to indicate loss of a reactant 19 



Parallel Genetic Circuit 20 

Transcription 21 

𝑃 + 𝑅𝑁𝐴𝑃

𝑘𝑝𝑟𝑜
→  
𝑘𝑝𝑟𝑜−
←   

𝑃. 𝑅𝑁𝐴𝑃
𝑘𝑔𝑒𝑛𝑒
→   𝑃 + 𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1 22 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1
𝑘𝑚
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑁𝐴𝑃 23 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1
𝑘𝑚
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑁𝐴𝑃 24 

Translation 25 

𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏 + 𝑋 26 

𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏 + 𝑌 27 

𝑚𝑟𝑛𝑎1
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 28 

𝑚𝑟𝑛𝑎2
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 29 

Protein export / binding 30 

𝑋
𝑘𝑜𝑢𝑡
→  𝑋. 𝑜𝑢𝑡 31 

𝑌
𝑘𝑜𝑢𝑡
→  𝑌. 𝑜𝑢𝑡 32 

𝑋. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑠𝑐𝑎 33 

𝑌. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑠𝑐𝑎 34 

𝑋. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑋 35 

𝑋. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 36 

𝑌. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 37 

𝑌. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑌 38 

𝑋. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 39 

𝑌. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 40 

  41 



Cascade Genetic Circuit 42 

Transcription 43 

𝑃1 + 𝑅𝑁𝐴𝑃

𝑘𝑝𝑟𝑜
→  
𝑘𝑝𝑟𝑜−
←   

𝑃𝑇7
𝑘𝑔𝑒𝑛𝑒
→   𝑃1 + 𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1 44 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1
𝑘𝑚
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑁𝐴𝑃 45 

𝑃2 + 𝑃𝑅𝑂

𝑘𝑝𝑟𝑜
→  
𝑘𝑝𝑟𝑜−
←   

𝑃𝑃𝑅𝑂
𝑘𝑔𝑒𝑛𝑒
→   𝑃2 + 𝑃𝑅𝑂𝑔𝑒𝑛𝑒2 46 

𝑃𝑅𝑂𝑔𝑒𝑛𝑒2
𝑘𝑚
→ 𝑚𝑟𝑛𝑎2 + 𝑃𝑅𝑂 47 

𝑃𝑅𝑂
𝑘𝑝𝑟𝑜−𝑙𝑜𝑠𝑠
→      ∅ 48 

Translation 49 

𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏 + 𝑋 + 𝑃𝑅𝑂 50 

𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏 + 𝑌 51 

𝑚𝑟𝑛𝑎1
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 52 

𝑚𝑟𝑛𝑎2
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 53 

Protein export / binding 54 

𝑋
𝑘𝑜𝑢𝑡
→  𝑋. 𝑜𝑢𝑡 55 

𝑌
𝑘𝑜𝑢𝑡
→  𝑌. 𝑜𝑢𝑡 56 

𝑋. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑠𝑐𝑎 57 

𝑌. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑠𝑐𝑎 58 

𝑋. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑋 59 

𝑋. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 60 

𝑌. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 61 

𝑌. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑌 62 

𝑋. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 63 

𝑌. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 64 

65 



Series Uncoupled Genetic Circuit 66 

Transcription 67 

𝑃 + 𝑅𝑁𝐴𝑃

𝑘𝑝𝑟𝑜
→  
𝑘𝑝𝑟𝑜−
←   

𝑃. 𝑅𝑁𝐴𝑃
𝑘𝑔𝑒𝑛𝑒
→   𝑃 + 𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1 68 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1
𝑘𝑚
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒2 69 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒2
𝑘𝑚
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑁𝐴𝑃 70 

Translation 71 

𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏 + 𝑋 72 

𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏 + 𝑌 73 

𝑚𝑟𝑛𝑎1
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 74 

𝑚𝑟𝑛𝑎2
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 75 

Export / binding 76 

𝑋
𝑘𝑜𝑢𝑡
→  𝑋. 𝑜𝑢𝑡 77 

𝑌
𝑘𝑜𝑢𝑡
→  𝑌. 𝑜𝑢𝑡 78 

𝑋. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑠𝑐𝑎 79 

𝑌. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑠𝑐𝑎 80 

𝑋. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑋 81 

𝑋. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 82 

𝑌. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 83 

𝑌. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑌 84 

𝑋. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 85 

𝑌. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 86 

  87 



Series Coupled Genetic Circuit 88 

Transcription 89 

𝑃 + 𝑅𝑁𝐴𝑃

𝑘𝑝𝑟𝑜
→  
𝑘𝑝𝑟𝑜−
←   

𝑃. 𝑅𝑁𝐴𝑃
𝑘𝑔𝑒𝑛𝑒
→   𝑃 + 𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1 90 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒1
𝑘𝑚
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒2 91 

𝑅𝑁𝐴𝑃𝑔𝑒𝑛𝑒2
𝑘𝑚
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑁𝐴𝑃 92 

Translation 93 

𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏
𝑘𝑝
→ 𝑚𝑟𝑛𝑎1 + 𝑅𝑖𝑏.𝑚𝑟𝑛𝑎1 + 𝑋 94 

𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏.𝑚𝑟𝑛𝑎1
𝑘𝑝
→ 𝑚𝑟𝑛𝑎2 + 𝑅𝑖𝑏 + 𝑌 95 

𝑚𝑟𝑛𝑎1
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 96 

𝑚𝑟𝑛𝑎2
𝑘𝑚𝑟𝑛𝑎−𝑙𝑜𝑠𝑠
→        ∅ 97 

Protein export / binding 98 

𝑋
𝑘𝑜𝑢𝑡
→  𝑋. 𝑜𝑢𝑡 99 

𝑌
𝑘𝑜𝑢𝑡
→  𝑌. 𝑜𝑢𝑡 100 

𝑋. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑠𝑐𝑎 101 

𝑌. 𝑜𝑢𝑡 + 𝑠𝑐𝑎. 𝑠𝑐𝑎
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑠𝑐𝑎 102 

𝑋. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑋 103 

𝑋. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 104 

𝑌. 𝑠𝑐𝑎 + 𝑋. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑋. 𝑌 105 

𝑌. 𝑠𝑐𝑎 + 𝑌. 𝑜𝑢𝑡
𝑘𝑏𝑖𝑛𝑑
→   𝑌. 𝑌 106 

𝑋. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 107 

𝑌. 𝑜𝑢𝑡
𝑘𝑜𝑢𝑡−𝑙𝑜𝑠𝑠
→      ∅ 108 

 109 


