
Table S2 

Rate reaction laws 

Reaction Equation Kinetic rate law 

ComAB synthesis 𝛽𝐶𝑜𝑚𝐴𝐵

+ 𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝐴𝐵

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]

[(𝐶𝑜𝑚𝐸~𝑃)𝐷] + 𝐾𝐶𝑜𝑚𝐸~𝑃_𝐴𝐵 ∗ (1 +
[𝐶𝑜𝑚𝐸]𝑒

𝐾𝑖𝐶𝑜𝑚𝐸_𝐴𝐵
𝑒)

 

Competitive inhibition 

ComAB degradation 𝛾𝐶𝑜𝑚𝐴𝐵 ∗ [𝐶𝑜𝑚𝐴𝐵] Mass action 

pre-CSP synthesis 𝛽𝐶𝑜𝑚𝐶𝐷𝐸

+ 𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝐶𝐷𝐸

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]

[(𝐶𝑜𝑚𝐸~𝑃)𝐷] + 𝐾𝐶𝑜𝑚𝐸~𝑃 ∗ (1 +
[𝐶𝑜𝑚𝐸]𝑒

𝐾𝑖𝐶𝑜𝑚𝐸
𝑒 )

 

Competitive inhibition 

pre-CSP maturation and CSP 

export 

𝜀 ∗ [𝐶𝑜𝑚𝐴𝐵] ∗ [𝑝𝑟𝑒𝐶𝑆𝑃] Mass action 

pre-CSP degradation 𝛾𝑝𝑟𝑒𝐶𝑆𝑃 ∗ [𝑝𝑟𝑒𝐶𝑆𝑃] Mass action 

CSP degradation 𝛾𝐶𝑆𝑃 ∗ [𝐶𝑆𝑃] Mass action 

ComE synthesis 𝛽𝐶𝑜𝑚𝐶𝐷𝐸

+ 𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝐶𝐷𝐸

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]

[(𝐶𝑜𝑚𝐸~𝑃)𝐷] + 𝐾𝐶𝑜𝑚𝐸~𝑃 ∗ (1 +
[𝐶𝑜𝑚𝐸]𝑒

𝐾𝑖𝐶𝑜𝑚𝐸
𝑒 )

 

Competitive inhibition 

ComE degradation 𝛾𝐶𝑜𝑚𝐸 ∗ [𝐶𝑜𝑚𝐸] Mass action 

ComD synthesis 𝛽𝐶𝑜𝑚𝐶𝐷𝐸

+ 𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝐶𝐷𝐸

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]

[(𝐶𝑜𝑚𝐸~𝑃)𝐷] + 𝐾𝐶𝑜𝑚𝐸~𝑃 ∗ (1 +
[𝐶𝑜𝑚𝐸]𝑒

𝐾𝑖𝐶𝑜𝑚𝐸
𝑒 )

 

Competitive inhibition  

Dimerization of ComD 𝑘𝑜𝑛_𝐷 ∗ [𝐶𝑜𝑚𝐷]
2 Mass action  

ComD dimer dissociation 𝑘𝑜𝑓𝑓_𝐷 ∗ [(𝐶𝑜𝑚𝐷)𝐷] Mass action  

Basal autophosphorylation of 

ComD 

𝛼𝑎𝑢𝑡𝑜 ∗ [(𝐶𝑜𝑚𝐷)𝐷] Mass action  

CSP-induced autophosphorylation 

of ComD  
𝑣𝑚𝑎𝑥𝑎𝑐𝑡 ∗

[𝐶𝑆𝑃]

[𝐶𝑆𝑃] + 𝐾𝑎𝑐𝑡 
∗ [(𝐶𝑜𝑚𝐷)𝐷] 

Michaelis-Menten  

ComD degradation 𝛾𝐶𝑜𝑚𝐷 ∗ [𝐶𝑜𝑚𝐷] Mass action  

Degradation of the inactive form 

of the CSP-bound dimer of ComD 

𝛾𝐶𝑜𝑚𝐷 ∗ [(𝐶𝑜𝑚𝐷_𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑)𝐷] Mass action 

ComE transphosphorylation 𝜆 ∗ [𝐶𝑜𝑚𝐸]2 ∗ [(𝐶𝑜𝑚𝐷𝑎𝑐𝑡)𝐷] Mass action  

ComE~P dephosphorylation 𝜌 ∗ [(𝐶𝑜𝑚𝐸~𝑃)𝐷] Mass action  

ComX synthesis as an inactive 

form 
𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝑋 ∗

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]
𝑥

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]
𝑥 +𝐾𝐶𝑜𝑚𝑋

𝑥 
 

Hill function 
(cooperativity) 

ComW synthesis 
𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝑊 ∗

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]
𝑤

[(𝐶𝑜𝑚𝐸~𝑃)𝐷]
𝑤 +𝐾𝐶𝑜𝑚𝑊

𝑤 
 

Hill function 

(cooperativity) 

ComX activation 𝜔1 ∗ [𝐶𝑜𝑚𝑊] ∗ [𝐶𝑜𝑚𝑋𝑖𝑛𝑎] Mass action  

ComW degradation 𝛾𝐶𝑜𝑚𝑊 ∗ [𝐶𝑜𝑚𝑊] Mass action  

Inactive form of ComX 

degradation 

𝛾𝐶𝑜𝑚𝑋 ∗ [𝐶𝑜𝑚𝑋𝑖𝑛𝑎] Mass action  

Active form of ComX 

degradation  

𝛾𝐶𝑜𝑚𝑋 ∗ [𝐶𝑜𝑚𝑋𝑎𝑐𝑡] Mass action  

SsbB synthesis 
𝑣𝑚𝑎𝑥𝑆𝑠𝑏𝐵 ∗

[𝐶𝑜𝑚𝑋𝑎𝑐𝑡]
𝑠

[𝐶𝑜𝑚𝑋𝑎𝑐𝑡]
𝑠 + 𝐾𝑆𝑠𝑏𝐵

𝑠 
Hill function 

(cooperativity) 

SsbB degradation 𝛾𝑆𝑠𝑏𝐵 ∗ [𝑆𝑠𝑏𝐵] Mass action  

DprA synthesis 
𝑣𝑚𝑎𝑥𝐷𝑝𝑟𝐴 ∗

[𝐶𝑜𝑚𝑋𝑎𝑐𝑡]
𝑑

[𝐶𝑜𝑚𝑋𝑎𝑐𝑡]
𝑑 + 𝐾𝐷𝑝𝑟𝐴

𝑑 
Hill function 

(cooperativity) 

DprA degradation 𝛾𝐷𝑝𝑟𝐴 ∗ [𝐷𝑝𝑟𝐴] Mass action  

Formation of the DprA-ComE~P  

complex  

2 ∗ 𝑘𝑜𝑛_𝐷𝑝𝑟𝐴_𝐸𝑃 ∗ [𝐷𝑝𝑟𝐴]
2 ∗ [(𝐶𝑜𝑚𝐸~𝑃)𝐷] Mass action  

Degradation of the DprA-

ComE~P  complex 

𝛾𝐷𝑝𝑟𝐴 ∗ [(𝐷𝑝𝑟𝐴_𝐶𝑜𝑚𝐸~𝑃)𝐷] Mass action  

ComZ synthesis 
𝑣𝑚𝑎𝑥𝐶𝑜𝑚𝑍 ∗

[𝐶𝑜𝑚𝑋𝑎𝑐𝑡]
𝑧

[𝐶𝑜𝑚𝑋𝑎𝑐𝑡]
𝑧 + 𝐾𝐶𝑜𝑚𝑍

𝑧 
Hill function 

(cooperativity) 

ComZ degradation 𝛾𝐶𝑜𝑚𝑍 ∗ [𝐶𝑜𝑚𝑍] Mass action  

ComZ and ComW interaction 𝜔2 ∗ [𝐶𝑜𝑚𝑍] ∗ [𝐶𝑜𝑚𝑊𝑎𝑐𝑡] Mass action  

 


