
Supporting Information 2: Mathematical description of each reaction of the mathematical model 

Table S2: Rate equations for each reaction 
Reaction  

 ID   Biochemical 
Description  

 Equation  Generic description 

𝐯𝐔𝐩 → 𝐺𝑙𝑐 𝑉𝑚𝑣𝑈𝑝
𝐺𝑙𝑐  Uptake rate 

 𝐯𝐆𝐃𝐇  𝐺𝑙𝑐 +  𝑁𝐴𝐷(𝑃)+  →
𝐷𝐺𝑎𝑡+𝑁𝐴𝐷(𝑃)𝐻+ 

𝑉𝑚𝑣𝐺𝐷𝐻
𝐺𝑙𝑐  Glc

(𝐾𝑚𝑣𝐺𝐷𝐻
𝐺𝑙𝑐 + Glc)

 
Irreversible Michaelis 
Menten (MM) 

 𝐯𝐆𝐀𝐃    𝐷𝐺𝑎𝑡 → 𝐾𝐷𝐺 +
𝐻2𝑂 

 𝑉𝑚𝑣𝐺𝐴𝐷
𝐷𝐺𝑎𝑡  DGAT[𝑡]

( 𝐾𝑚𝑣𝐺𝐴𝐷
𝐷𝐺𝑎𝑡 + DGAT[𝑡])

 
Irreversible MM 

 𝐯𝐊𝐃𝐆𝐊𝐢   𝐾𝐷𝐺 + 𝐴𝑇𝑃 →
𝐾𝐷𝑃𝐺 + 𝐴𝐷𝑃 

𝑉𝑚𝑣𝐾𝐷𝐺𝐾𝑖
𝐾𝐷𝐺  𝐾𝐷𝐺[𝑡] 𝐴𝑇𝑃

𝐾𝑚𝑣𝐾𝐷𝐺𝐾𝑖
𝐾𝐷𝐺  𝐾𝑚𝑣𝐾𝐷𝐺𝐾𝑖

𝐴𝑇𝑃 + 𝐾𝐷𝐺[𝑡] 𝐾𝑚𝑣𝐾𝐷𝐺𝐾𝑖
𝐴𝑇𝑃 + 𝐴𝑇𝑃 𝐾𝑚𝑣𝐾𝐷𝐺𝐾𝑖

𝐾𝐷𝐺 + 𝐾𝐷𝐺[𝑡]𝐴𝑇𝑃
 

Irreversible MM 
producing ADP 

𝐯𝐊𝐃𝐏𝐆𝐀𝟏  𝐾𝐷𝐺 ↔ 𝐺𝐴 + 𝑃𝑦𝑟 𝑉𝑚vKDPGA1
KDG KDG[t]

𝐾𝑚vKDPGA1
KDG + KDG[𝑡]

−
𝑉𝑚vKDPGA1

GA Pyr[𝑡]GA[𝑡]

𝐾𝑚vKDPGA1
Pyr

GA[𝑡] + 𝐾𝑚vKDPGA1
GA Pyr[𝑡] + 𝐾𝑚vKDPGA1

Pyr
 𝐾𝑚vKDPGA1

GA + Pyr[𝑡]GA[𝑡]
 

 

Reversible MM with 
1 substrate and 2 
products 

𝐯𝐊𝐃𝐏𝐆𝐀𝟐   𝐾𝐷𝑃𝐺 ↔ 𝐺𝐴𝑃 +
𝑃𝑦𝑟 

  
   

𝑉𝑚vKDPGA2

KDPG
KDPG[t]

𝐾𝑚vKDPGA2
KDPG + KDPG[𝑡]

−
𝑉𝑚vKDPGA2

GAP Pyr[𝑡]GAP[𝑡]

𝐾𝑚vKDPGA2
Pyr

GAP[𝑡] + 𝐾𝑚vKDPGA2
GAP Pyr[𝑡] + 𝐾𝑚vKDPGA2

Pyr
𝐾𝑚vKDPGA2

GAP + Pyr[𝑡]GAP[𝑡]
 

Reversible MM with 
1 substrate and 2 
products 

𝐯𝐆𝐀𝐏𝐃𝐇  1,3𝐵𝑃𝐺
+  𝑁𝐴𝐷(𝑃)𝐻 

↔ 
𝐺𝐴𝑃 + 𝑃𝑖
+ 𝑁𝐴𝐷(𝑃)+ 

  

(𝑉𝑚vGAPDH
BPG  

𝐵𝑃𝐺[𝑡]𝑁𝐴𝐷𝑃𝐻
𝐾𝑚vGAPDH

BPG  𝐾𝑚vGAPDH
NADPH − 𝑉𝑚vGAPDH

GAP 𝐺𝐴𝑃[𝑡]𝑁𝐴𝐷𝑃 𝑃𝑖
𝐾𝑚vGAPDH

GAP  𝐾𝑚vGAPDH
NADP  𝐾𝑚vGAPDH

Pi ) (
𝐺𝐴𝑃[𝑡]𝑃𝑖

𝐾𝑚vGAPDH
GAP 𝐾𝑚vGAPDH

Pi +
𝐵𝑃𝐺[𝑡]

𝐾𝑚vGAPDH
BPG )

𝑛−1

(1 +
𝑁𝐴𝐷𝑃

𝐾𝑚vGAPDH
NADP +

𝑁𝐴𝐷𝑃𝐻
𝐾𝑚vGAPDH

NADPH ) [1 + (
𝐺𝐴𝑃[𝑡]

𝐾𝑚vGAPDH
GAP )

𝑛

+ (
𝑃𝑖

𝐾𝑚vGAPDH
Pi )

𝑛

+  (𝐺𝐴𝑃[𝑡]
𝑃𝑖

𝐾𝑚vGAPDH
GAP 𝐾𝑚vGAPDH

Pi +
𝐵𝑃𝐺[𝑡]

𝐾𝑚vGAPDH
BPG )

𝑛

]

  

Reversible rate 
equation with 2 
substrates and 
NADPH oxidation 

 𝐯𝐆𝐀𝐏𝐍    𝐺𝐴𝑃 + 𝑁𝐴𝐷(𝑃)+ →
3𝑃𝐺 + 𝑁𝐴𝐷(𝑃)𝐻 

𝑉𝑚vGAPN
GAP GAP[𝑡]NADP

𝐾𝑚vGAPN
NADP GAP[𝑡] + 𝐾𝑚vGAPN

GAP NADP + 𝐾𝑚vGAPN
NADP 𝐾𝑚vGAPN

GAP + GAP[𝑡]NADP
 

Irreversible MM with 
NADPH oxidation 



𝐯𝐏𝐆𝐊  3𝑃𝐺 + 𝐴𝑇𝑃 ↔
1,3𝐵𝑃𝐺 + 𝐴𝐷𝑃 

𝑉𝑚vPGK
PG3 𝐴𝑇𝑃 3𝑃𝐺[𝑡]

𝐾𝑚vPGK
ATP 𝐾𝑚vPGK

3PG − 𝑉𝑚vPGK
BPG 𝐴𝐷𝑃 𝐵𝑃𝐺[𝑡]

𝐾𝑚vPGK
ADP 𝐾𝑚vPGK

BPG

(1 +
𝐴𝐷𝑃

𝐾𝑖vPGK
ADP ) [1 +

3𝑃𝐺[𝑡]

𝐾𝑚vPGK
3PG  (1 +

𝐴𝑇𝑃
𝐾𝑚vPGK

ATP ) +
𝐵𝑃𝐺[𝑡]

𝐾𝑚vPGK
BPG  (1 +

𝐴𝐷𝑃
𝐾𝑚vPGK

ADP )]

 

Rate equation with 
substrate inhibition  
and ATP production 

𝐯𝐈𝐏𝐆𝐀𝐌   3𝑃𝐺 ↔ 2𝑃𝐺   
𝑉𝑚𝑣𝐼𝑃𝐺𝐴𝑀

3𝑃𝐺  3PG[t]

(𝐾𝑚𝑣𝐼𝑃𝐺𝐴𝑀
3𝑃𝐺 + 3PG[t])

−
𝑉𝑚𝑣𝐼𝑃𝐺𝐴𝑀

2𝑃𝐺  2PG[t]

(𝐾𝑚𝑣𝐼𝑃𝐺𝐴𝑀
2𝑃𝐺 + 2PG[t])

 

Reversible MM 

𝐯𝐄𝐍𝐎   2𝑃𝐺 ↔ 𝑃𝐸𝑃   
𝑉𝑚𝑣𝐸𝑁𝑂

2𝑃𝐺  2PG[t]

(𝐾𝑚𝑣𝐸𝑁𝑂
2𝑃𝐺 + 2PG[t])

−
𝑉𝑚𝑣𝐸𝑁𝑂

𝑃𝐸𝑃  PEP[t]

(𝐾𝑚𝑣𝐸𝑁𝑂
𝑃𝐸𝑃 + PEP[t])

 

 

Reversible MM 

𝐯𝐆𝐊  𝐺𝑙𝑦 + 𝐴𝑇𝑃 →
2𝑃𝐺 + 𝐴𝐷𝑃 

 

𝑉𝑚vGK
Gly 𝐺𝑙𝑦[𝑡]2

(𝐾𝑠vGK
Gly

+ 𝐺𝑙𝑦[𝑡]2 +
𝐺𝑙𝑦[𝑡]3

𝐾𝑖vGK
Gly )

(1 +
𝛼𝐺𝑙𝑦[𝑡]

𝐾𝑖vGK
Gly

) 

MM with substrate 
inhibition and ADP 
production 

𝐯𝐏𝐊   𝑃𝐸𝑃 + 𝐴𝐷𝑃 →
𝑃𝑦𝑟 + 𝐴𝑇𝑃  

  
𝑉𝑚𝑣𝑃𝐾

𝑃𝐸𝑃  𝑃𝐸𝑃[𝑡] 𝐴𝐷𝑃

𝐾𝑚𝑣𝑃𝐾
𝑃𝐸𝑃  𝐾𝑚𝑣𝑃𝐾

𝐴𝐷𝑃 + 𝑃𝐸𝑃[𝑡] 𝐾𝑚𝑣𝑃𝐾
𝐴𝐷𝑃 + 𝐴𝑇𝑃 𝐾𝑚𝑣𝑃𝐾

𝑃𝐸𝑃 + 𝑃𝐸𝑃[𝑡]𝐴𝐷𝑃
 

 

Irreversible MM with 
ADP 

𝐯𝐏𝐄𝐏𝐒   𝑃𝑦𝑟 + 𝐴𝑇𝑃 +
𝐻2𝑂 → 𝑃𝐸𝑃 +
𝐴𝑀𝑃 + 𝑃𝑖 

  

𝑉𝑚𝑣𝑃𝐸𝑃𝑆
𝑃𝑦𝑟

 𝑃𝑦𝑟[𝑡] 𝐴𝑇𝑃

𝐾𝑚𝑣𝑃𝐸𝑃𝑆
𝑃𝑦𝑟

 𝐾𝑚𝑣𝑃𝐸𝑃𝑆
𝐴𝑇𝑃 + 𝑃𝐸𝑃[𝑡] 𝐾𝑚𝑣𝑃𝐸𝑃𝑆

𝐴𝑇𝑃 + 𝐴𝑇𝑃 𝐾𝑚𝑣𝑃𝐸𝑃𝑆
𝑃𝑦𝑟

+ 𝑃𝑦𝑟[𝑡]𝐴𝑇𝑃
 

 

Irreversible MM with 
ATP phosphorylation 

𝐯𝐆𝐀𝐎𝐑   𝐺𝐴 + 𝐹𝑑𝑜𝑥 → 𝐺𝑙𝑦 +
𝐹𝑑𝑟𝑒𝑑 

  
𝑉𝑚𝑣𝐺𝐴𝑂𝑅

𝐺𝐴  GA[t]

(𝐾𝑚𝑣𝐺𝐴𝑂𝑅
𝐺𝐴 + GA[t])

 

 

Irreversible MM 

𝐯𝐝𝐞𝐠   𝑆 →   
Kdeg ∗ [𝑆] 

Degradation rate 

 
 


