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1. Introduction 

In order to express recombinant genes cloned downstream of a T7 promoter, 

Isopropyl β-d-thiogalactoside (IPTG) is required to maximally induce 

expression of the T7 RNA polymerase and has the advantage that it is not 

consumed by the cells [1]. IPTG is added to the medium and enters the bacteria 

by passive diffusion. Upon entry, it interacts with the LacI dimer, which is 

inhibiting the expression of the Lac operon. Inhibition is repressed through 

the interaction of IPTG and LacI, so operon transcription is activated. This 

allows the expression of T7 RNA polymerase, which directs the expression of 

dsRNA [2]. 

  

Figure 1: Gene expression driven by T7 RNA polymerase. The Lac operon is used 

to express the polymerase in presence of IPTG. velvet gene is the target gene 

to silence in the genome of FOC R1 and FOC TR4.  

 

  



2. Species and Parameters  

2.1 List of species names involved in protein expression model 

 

 

 

 

 

 

 

 

 

 

2.2 List of parameters involved in protein expression model  

GENOME PART 

Name Meaning 

𝐼  Intracellular inducer IPTG 

𝐼𝑒𝑥  Extracellular inducer IPTG 

𝐿𝐼  LacI repressor monomer 

𝐿𝐼2  LacI repressor dimer 

𝑂  lacO operator 

𝐼2𝐿𝐼2  Repressor-inducer complex 

𝐿𝐼2𝑂  Repressor-operator complex 

𝑅𝑃  T7 RNA polymerase  

PLASMID PART 

Name Meaning 

[𝑅𝑃] T7 RNA polymerase production   

[𝑑𝑠𝑅𝑁𝐴] dsRNA 

GENOME PART 

Name Meaning Value Unit 

Ecuador India    

𝑉𝐸.𝑐𝑜𝑙𝑖  E. coli volume 8 × 10−16 𝐿 

𝑉𝑒𝑥𝑡  Medium volume 20 mL 

𝑂𝑇  Operator content ([𝑂]𝑇 = 2.8 nM) 1  

𝑘𝑡  
IPTG passive diffusion 

constant 
0.92 𝑚𝑖𝑛−1 

𝑝𝐿𝐼 𝐾𝑝𝐿𝐴𝐶𝐼 Rate constant for LacI  15 𝑚𝑖𝑛−1 

𝑑𝐿𝐼 𝐾𝑑𝐿𝐴𝐶𝐼 Degradation constant for LacI  0.2 
 
𝑚𝑖𝑛−1 

𝑘𝐿𝐼 𝐾𝑃𝑚𝑅𝑁𝐴 Transcription Rate constant   0.23 𝑛𝑀 ∙ 𝑚𝑖𝑛−1 

𝑑𝑚𝐿𝐼 𝐾𝑑𝑚𝑅𝑁𝐴 
Degradation constant for mRNA 

LI 
0.462 𝑚𝑖𝑛−1 

𝑘2𝐿𝐼  
LacI dimerization rate 

constant 
50 

𝑛𝑀−1

∙ 𝑚𝑖𝑛−1 

𝑘−2𝐿𝐼  
LacI dimer dissociation rate 

constant 
10−3 𝑚𝑖𝑛−1 

𝑘2𝐿𝐼𝑂  
Association rate constant for 

repression 
960 

𝑛𝑀−1

∙ 𝑚𝑖𝑛−1 

𝑘−2𝐿𝐼𝑂  
Dissociation rate constant for 

repression 
2.4 𝑚𝑖𝑛−1 

𝑘𝑑𝐿𝐼1  

Association rate constant for 

1st derepression mechanism 

 for [LACI2-IPTG2] complex  

3 × 10−7 
𝑛𝑀−2

∙ 𝑚𝑖𝑛−1 

𝑘−𝑑𝐿𝐼1  

Dissociation rate  constant 

for 1st derepression mechanism  

for [LACI2-IPTG2] complex  

12 𝑚𝑖𝑛−1 



 

 

 

 

 

3. Biochemical reactions and ODEs 

3.1 Extracellular/intracellular diffusion process of IPTG  

Extracellular and intracellular IPTG is denoted as 𝐼𝑒𝑥 and 𝐼, respectively, 

where  𝑉𝑐 =
𝑉𝐸.𝑐𝑜𝑙𝑖

𝑉𝑒𝑥𝑡
 : 

𝐼
𝑘𝑡

𝑘𝑡 ∙ 𝑉𝑐 ⃐                      𝐼𝑒𝑥 

- 𝐾𝑝𝑐 
Association  rate for [LACI-

IPTG] complex 
  

- 𝐾𝑑𝑐 
Dissociation rate for [LACI-

IPTG] complex 
  

𝑘𝑑𝐿𝐼2  
Association rate constant for 

2nd derepression mechanism 
3 × 10−7 

𝑛𝑀−2

∙ 𝑚𝑖𝑛−1 

𝑘−𝑑𝐿𝐼2  
Dissociation rate constant for 

2nd derepression mechanism   
4.8 × 103 

𝑛𝑀−1

∙ 𝑚𝑖𝑛−1 

𝑑𝐼2𝐿𝐼2   
Degradation constant for 

[IPTG2-LacI2] 
0.2 𝑚𝑖𝑛−1 

𝑝𝑅𝑃 𝐾𝑝𝑅𝑃 
Rate constant for RNA 

Polymerase T7 
0.5 𝑚𝑖𝑛−1 

𝑑𝑅𝑃 𝐾𝑑𝑅𝑃 
Degradation constant for RNA 

polymerase T7 
0.2 𝑚𝑖𝑛−1 

𝑘𝑅𝑃 𝐾𝑃𝑚𝑅𝑁𝐴𝑃 
 Transcription rate for RNA 

Polymerase 
6.116 𝑚𝑖𝑛−1 

𝑑𝑚𝑅𝑃 𝐾𝑑𝑚𝑅𝑁𝐴𝑃 
Degradation constant for RNA 

polymerase mRNA T7 
0.462 𝑚𝑖𝑛−1 

- 𝐾𝑑𝑒𝑝1 dependence constant      

PLASMID PART 

Name Meaning Value Unit  

𝐶𝑆 
Copy number 

of L4440 

plasmid 

500-700 𝑐𝑜𝑝𝑦. 𝑐𝑒𝑙𝑙−1  

𝑘𝑆 
Transcription 

rate 

(Promotor T7) 

42 𝑛𝑡. 𝑠−1  

𝑑𝑆 
Degradation 

constant for 

dsRNA 

2.85 𝜇𝑔. ℎ−1  

𝜇 
Dilution 

effect due to 

cell growth 

0.24 ℎ−1  



ODE 

𝑑[𝐼]

𝑑𝑡
= 𝑘𝑡(𝑉𝑐[𝐼𝑒𝑥] − [𝐼]) 

 

3.2 Constitutive expression of gene lac I 

It is modeled as the zeroth-order production of lacI mRNA. The translation of 

lacI mRNA to Lac is modeled as a first-order catalytic reaction 

 
𝑘𝐿𝐼
→ 𝑚𝑅𝑁𝐴𝐿𝐼 

𝑚𝑅𝑁𝐴𝐿𝐼
𝑝𝐿𝐼
→ 𝑚𝑅𝑁𝐴𝐿𝐼 + 𝐿𝐼 

𝑚𝑅𝑁𝐴𝐿𝐼
𝑑𝑚𝐿𝐼 
→   Ø 

𝐿𝐼
𝑑𝐿𝐼 
→ Ø 

ODEs 

𝑑[𝑚𝑅𝑁𝐴𝐿𝐼]

𝑑𝑡
= 𝑘𝐿𝐼 − 𝑑𝑚𝐿𝐼 [𝑚𝑅𝑁𝐴𝐿𝐼] 

𝑑[𝐿𝐼]

𝑑𝑡
= 𝑝𝐿𝐼[𝑚𝑅𝑁𝐴𝐿𝐼] − 𝑑𝐿𝐼 [𝐿𝐼] − 2𝑘2𝐿𝐼[𝐿𝐼]

2 + 2𝑘−2𝐿𝐼[𝐿𝐼2] 

Steady state 

[𝑚𝑅𝑁𝐴𝐿𝐼] =
𝑘𝐿𝐼
𝑑𝑚𝐿𝐼 

 

 

3.3 Dimer LacI 

The dimerization of LacI repressor is assumed to follow second-order kinetics.  

2 𝐿𝐼
𝑘2𝐿𝐼

𝑘−2𝐿𝐼 ⃐                    𝐿𝐼2 

 

The total operator concentration ([𝑂]𝑇) is constant and equal to the free 
operator concentration plus that bound to the repressor. 

The total repressor dimer concentration 

[𝑂]𝑇 = [𝑂] + [𝐿𝐼2𝑂] 

Utilizing the above relation, the mass balances are written as 

ODE 

𝑑[𝐿𝐼2]

𝑑𝑡
= 𝑘2𝐿𝐼[𝐿𝐼]

2 − 𝑘−2𝐿𝐼[𝐿𝐼2] − 𝑘2𝐿𝐼𝑂[𝐿𝐼2][𝑂] + 𝑘−2𝐿𝐼𝑂([𝑂]𝑇 − [𝑂]) − 𝑘𝑑𝐿𝐼1[𝐿𝐼2][𝐼]
2 + 𝑘−𝑑𝐿𝐼1[𝐼2𝐿𝐼2] 

 



3.4 Repression 

 

𝐿𝐼2 + 𝑂
𝑘2𝐿𝐼𝑂

𝑘−2𝐿𝐼𝑂 ⃐                          𝐿𝐼2𝑂 

ODE 

𝑑[𝑂]

𝑑𝑡
= −𝑘2𝐿𝐼𝑂[𝐿𝐼2][𝑂] + 𝑘−2𝐿𝐼𝑂([𝑂]𝑇 − [𝑂]) + 𝑘𝑑𝐿𝐼2([𝑂]𝑇 − [𝑂])[𝐼]

2 − 𝑘−𝑑𝐿𝐼2[𝑂][𝐼2𝐿𝐼2] 

 

3.5 First derepression mechanism 

The first derepression mechanism is taken into account inducer binding to free 

repressor. For these simulations, fast lacY transcription and slow translation 

was considered, to distinguish the effect of the derepression mechanisms from 

the blurring and plateaus generated by the low mRNA concentrations. 

We assume cooperative binding, with a Hill coefficient equal to 2 for the 

binding of inducer to repressor. Therefore, the phenomenon can be modeled as 

one third-order reaction: 

 

2𝐼 + 𝐿𝐼2
𝑘𝑑𝐿𝐼1

𝑘−𝑑𝐿𝐼1 ⃐                        𝐼2𝐿𝐼2 

ODE 

𝑑[𝐼2𝐿𝐼2]

𝑑𝑡
= 𝑘𝑑𝐿𝐼1[𝐼]

2[𝐿𝐼2] − 𝑘−𝑑𝐿𝐼1[𝐼2𝐿𝐼2] + 𝑘𝑑𝐿𝐼2([𝑂]𝑇 − [𝑂])[𝐼]
2 − 𝑘−𝑑𝐿𝐼2[𝑂][𝐼2𝐿𝐼2] − 𝑑𝐼2𝐿𝐼2 [𝐼2𝐿𝐼2] 

3.6 Second derepression mechanism 

IPTG can also bind to the repressor-operator complex, thereby freeing the 

operator from the repressor: 

2𝐼 + 𝐿𝐼2𝑂
𝑘𝑑𝐿𝐼2

𝑘−𝑑𝐿𝐼2 ⃐                        𝐼2𝐿𝐼2 +𝑂 

 

3.7 Degradation Repression [𝐿𝐼2] –inducer [𝐼2] 

The repressor does not degrade when bound to the operator.  

 

𝐼2𝐿𝐼2
𝑑𝐼2𝐿𝐼2 
→    Ø 

 



3.8 T7 RNA Polymerase Production 

When lacI is present, the operon (O) is free and starts transcribing the mRNA 

corresponding to T7 RNA Polymerase (mRNARP). This reaction is driven by the 

transcription rate KRP. 

𝑂
𝐾𝑅𝑃
→  𝑚𝑅𝑁𝐴𝑅𝑃 + 𝑂 

The mRNARP is then translated allowing the formation of the T7 RNA Polymerase 

(RP). This reaction is driven by the translation rate PRP. 

𝑚𝑅𝑁𝐴𝑅𝑃
𝑃𝑅𝑃
→  𝑚𝑅𝑁𝐴𝑅𝑃 + 𝑅𝑃 

The mRNARP and the RP are eventually degraded. These reactions are driven by 

the degradation rates dmRP and dRP. 

𝑚𝑅𝑁𝐴𝑅𝑃
𝑑𝑚𝑅𝑃
→   Ø 

𝑅𝑃
𝑑𝑅𝑃
→  Ø 

ODEs 

𝑑[𝑚𝑅𝑁𝐴𝑅𝑃]

𝑑𝑡
= 𝑘𝑅𝑃[𝑂] − 𝑑𝑚𝑅𝑃[𝑚𝑅𝑁𝐴𝑅𝑃] 

𝑑[𝑅𝑃]

𝑑𝑡
= 𝑝𝑅𝑃[𝑚𝑅𝑁𝐴𝑅𝑃] − 𝑑𝑅𝑃[𝑅𝑃] 

 

Steady state 

[𝑚𝑅𝑁𝐴𝑅𝑃] =
𝑘𝑅𝑃
𝑑𝑚𝑅𝑃

[𝑂] 

 

 

Math Model 

The total operator concentration ([𝑂]𝑇) is constant and equal to the free 
operator concentration plus that bound to the repressor. 

[𝑂]𝑇 = [𝑂] + [𝐿𝐼2𝑂] 

 

𝑑[𝐼]

𝑑𝑡
= 𝑘𝑡(𝑉𝑐[𝐼𝑒𝑥] − [𝐼]) 

𝑑[𝐿𝐼]

𝑑𝑡
=
𝑘𝐿𝐼 𝑝𝐿𝐼
𝑑𝑚𝐿𝐼 

− 𝑑𝐿𝐼 [𝐿𝐼] − 2𝑘2𝐿𝐼[𝐿𝐼]
2 + 2𝑘−2𝐿𝐼[𝐿𝐼2] 

𝑑[𝐿𝐼2]

𝑑𝑡
= 𝑘2𝐿𝐼[𝐿𝐼]

2 − 𝑘−2𝐿𝐼[𝐿𝐼2] − 𝑘2𝐿𝐼𝑂[𝐿𝐼2][𝑂] + 𝑘−2𝐿𝐼𝑂([𝑂]𝑇 − [𝑂]) − 𝑘𝑑𝐿𝐼1[𝐿𝐼2][𝐼]
2 + 𝑘−𝑑𝐿𝐼1[𝐼2𝐿𝐼2] 



𝑑[𝑂]

𝑑𝑡
= −𝑘2𝐿𝐼𝑂[𝐿𝐼2][𝑂] + 𝑘−2𝐿𝐼𝑂([𝑂]𝑇 − [𝑂]) + 𝑘𝑑𝐿𝐼2([𝑂]𝑇 − [𝑂])[𝐼]

2 − 𝑘−𝑑𝐿𝐼2[𝑂][𝐼2𝐿𝐼2] 

𝑑[𝐼2𝐿𝐼2]

𝑑𝑡
= 𝑘𝑑𝐿𝐼1[𝐼]

2[𝐿𝐼2] − 𝑘−𝑑𝐿𝐼1[𝐼2𝐿𝐼2] + 𝑘𝑑𝐿𝐼2([𝑂]𝑇 − [𝑂])[𝐼]
2 − 𝑘−𝑑𝐿𝐼2[𝑂][𝐼2𝐿𝐼2] − 𝑑𝐼2𝐿𝐼2 [𝐼2𝐿𝐼2] 

𝑑[𝑅𝑃]

𝑑𝑡
=
𝑘𝑅𝑃𝑝𝑅𝑃
𝑑𝑚𝑅𝑃

[𝑂] − 𝑑𝑅𝑃[𝑅𝑃] 

 

3.9 dsRNA Production with T7 ARN POLYMERASE 

The RP binds to the promoters PT7 located at each side of the gene and starts 

the transcription of the gene, leading to the formation of the dsRNA and 

leaving free RP. This reaction is driven by the transcription rate kS. 

𝑅𝑃
𝑘𝑆
→ 𝑑𝑠𝑅𝑁𝐴 + 𝑅𝑃 

 

The dsRNA is eventually degraded. This reaction is driven by the degradation 

rate dS and the dilution effect µ. 

 

𝑑𝑠𝑅𝑁𝐴
𝑑𝑆,   𝜇
→   Ø 

Math Model 

𝑑[𝑑𝑠𝑅𝑁𝐴]

𝑑𝑡
= 𝐶𝑆 ∙ 𝑘𝑆[𝑅𝑃] − 𝑑𝑆[𝑑𝑠𝑅𝑁𝐴] − 𝜇[𝑑𝑠𝑅𝑁𝐴] 
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