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Derivation of a PK/PD model incorporating 1 step uncompetitive inhibition 

The mechanistic PK/PD model that we described in Walkup et al.1 assumes that every enzyme 

species apart from ES leads to inhibition of bacterial growth.  The original model was derived for 

competitive two-step enzyme inhibition.  The saFabI inhibitors operate through a one-step binding 

mechanism and are uncompetitive inhibitors, thus they bind to ES and not E (Scheme 1).   
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Scheme 1 

The first task is to calculate the concentration of ES based on Scheme 1.  Interconversion between 

enzyme [E] and substrate [S] and enzyme-substrate complex [ES] is rapid, but formation of the 

enzyme-substrate-inhibitor complex is slow. 

The total enzyme concentration [E0] is given by Equation S1. 

 

[𝐸𝐸0] = [𝐸𝐸] + [𝐸𝐸𝐸𝐸] + [𝐸𝐸𝐸𝐸𝐸𝐸] Equation S1 

 

Dividing both sides of Equation S1 by [E0] gives the ratio of each form of the enzyme with respect 

to the initial total enzyme concentration (Equation S2). 

1 = [𝐸𝐸]
[𝐸𝐸0] + [𝐸𝐸𝐸𝐸]

[𝐸𝐸0] + [𝐸𝐸𝐸𝐸𝐸𝐸]
[𝐸𝐸0]  Equation S2 

If we define [𝐸𝐸]
[𝐸𝐸0]

 as  [𝐸𝐸], [𝐸𝐸𝐸𝐸]
[𝐸𝐸0] as [𝐸𝐸𝐸𝐸], etc. we have Equation S2, 

1 = [𝐸𝐸] + [𝐸𝐸𝐸𝐸] + [𝐸𝐸𝐸𝐸𝐸𝐸] Equation S3 

 



Assuming that we have steady-state conditions for enzyme and enzyme-substrate complex 

formation, we have (Equation S4), 

[𝐸𝐸𝐸𝐸] = [𝐸𝐸][𝑆𝑆]
𝐾𝐾𝑚𝑚

 Equation S4 

Equation S3 becomes Equation S5: 

1 = [𝐸𝐸𝐸𝐸] ∗ 𝐾𝐾𝑚𝑚
[𝑆𝑆] + [𝐸𝐸𝐸𝐸] + [𝐸𝐸𝐸𝐸𝐸𝐸]  

1 − �1 +
𝐾𝐾𝑚𝑚
[𝑆𝑆]� ∗

[𝐸𝐸𝐸𝐸] = [𝐸𝐸𝐸𝐸𝐸𝐸] 

𝑀𝑀 =
𝐾𝐾𝑚𝑚
[𝑆𝑆] ;𝛽𝛽 = 1 +

𝐾𝐾𝑚𝑚
[𝑆𝑆] 

1 − 𝛽𝛽 ∗ [𝐸𝐸𝐸𝐸] = [𝐸𝐸𝐸𝐸𝐸𝐸] Equation S5 

Taking derivatives of both sides with the assumption that substrate and inhibitor concentrations, 

[S] and [I], are not changing over time, we have Equations S6 

−𝛽𝛽 ∗ 𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

= 𝑑𝑑[𝐸𝐸𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

 Equation S6 

According to Scheme 1, there is an equilibrium between [ES] and [ESI], so, 

𝑑𝑑[𝐸𝐸𝐸𝐸𝐼𝐼]
𝑑𝑑𝑑𝑑

= 𝑘𝑘3 ∗ [𝐸𝐸𝐸𝐸] ∗ [𝐼𝐼] − 𝑘𝑘4 ∗ [𝐸𝐸𝐸𝐸𝐸𝐸] Equation S7 

 

Combining Equations S6 and S7, we have 

−𝛽𝛽 ∗ 𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

= 𝑘𝑘3 ∗ [𝐸𝐸𝐸𝐸] ∗ [𝐼𝐼] − 𝑘𝑘4 ∗ [𝐸𝐸𝐸𝐸𝐸𝐸] Equation S8 

Replacing [ESI] with the equation containing [ES], Equation S5, and also replacing k3 with 𝑘𝑘4
𝐾𝐾𝑖𝑖

, we 

have 

−𝛽𝛽 ∗ 𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

= 𝑘𝑘4 ∗ [𝐸𝐸𝐸𝐸] ∗ [𝐼𝐼]
𝐾𝐾𝑖𝑖
− 𝑘𝑘4 ∗ (1 − 𝛽𝛽 ∗ [𝐸𝐸𝐸𝐸]) Equation S9 



Dividing both sides of Equation S9 by –β and also applying some basic algebraic principles, leads 

to Equation S10: 

𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

=
−𝑘𝑘4
𝛽𝛽

∗ [𝐸𝐸𝐸𝐸] ∗
[𝐼𝐼]
𝐾𝐾𝑖𝑖

+
𝑘𝑘4
𝛽𝛽
− 𝑘𝑘4 ∗ [𝐸𝐸𝐸𝐸] 

𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

=
𝑘𝑘4
𝛽𝛽
− �𝑘𝑘4 +

𝑘𝑘4
𝛽𝛽
∗

[𝐼𝐼]
𝐾𝐾𝑖𝑖
� ∗ [𝐸𝐸𝐸𝐸] 

𝑘𝑘 = 𝑘𝑘4 +
𝑘𝑘4
𝛽𝛽
∗

[𝐼𝐼]
𝐾𝐾𝑖𝑖

 

𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

= 𝑘𝑘4
𝛽𝛽
− 𝑘𝑘 ∗ [𝐸𝐸𝐸𝐸] Equation S10 

Integrating the differential equation yields 

[𝐸𝐸𝐸𝐸] = 𝑘𝑘4
𝛽𝛽∗𝑘𝑘

+ �[𝐸𝐸𝐸𝐸]0 −
𝑘𝑘4
𝛽𝛽∗𝑘𝑘

� ∗ 𝑒𝑒−𝑘𝑘∗𝑡𝑡 Equation S11 

 

Equation S11 can then be incorporated into Equation S12 which relates the concentration of every 

enzyme species that is not ES to the rate of bacterial growth, where λ is the logarithmic growth 

rate, ε is the maximum inhibitor-induced kill rate and N is the bacterial cell count in CFU/mL, to 

give Equation S13: 

 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= (𝜆𝜆 − 𝜀𝜀[𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁])𝑁𝑁 Equation S12 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= �𝜆𝜆 − 𝜀𝜀 �1 − 𝑘𝑘4
𝛽𝛽∗𝑘𝑘

− �[𝐸𝐸𝐸𝐸]0 −
𝑘𝑘4
𝛽𝛽∗𝑘𝑘

� ∗ 𝑒𝑒−𝑘𝑘∗𝑡𝑡��𝑁𝑁 Equation S13 

 

Integration of Equation S13 gives Equation S14 

[𝑁𝑁] = [𝑁𝑁0]𝑒𝑒𝑒𝑒𝑒𝑒��𝜆𝜆 − 𝜀𝜀 �1 − 𝑘𝑘4
𝛽𝛽∗𝑘𝑘

�� 𝑡𝑡 + 𝜀𝜀
�[𝐸𝐸𝐸𝐸]0−

𝑘𝑘4
𝛽𝛽∗𝑘𝑘�

𝑘𝑘
(1 − 𝑒𝑒−𝑘𝑘∗𝑡𝑡)� Equation S14 



It is important to note that [I] is the concentration of inhibitor at the target (i.e. the intracellular 

drug concentration).  Since we do not have direct knowledge of this value, we introduce a 

permeability factor ρm, which relates the intracellular drug concentration to the concentration of 

drug in the media in the in vitro PAE experiment or to the free fraction plasma drug concentration 

in the in vivo experiments. As we don’t have any experimental value for ρm, we estimate its value 

after fitting the in vitro PAE data to Equation S14 by choosing a random seed value and letting the 

value float within a large constraint range to get the best estimate of ρm based on the best fit. 

[𝐼𝐼] = [𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷]𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 𝜌𝜌𝑚𝑚 

 

Calculation of TOmin and TOmax 

To estimate the minimum and maximum target occupancy required for antibacterial activity, a new 

model, complementary to the original integrated model, has been developed in Mathematica.  In 

this new model equations S10 and S12 are again our key equations.  

 

𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

= 𝑘𝑘4
𝛽𝛽
− 𝑘𝑘 ∗ [𝐸𝐸𝐸𝐸]  Equation S10   

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= (𝜆𝜆 − 𝜀𝜀[𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁])𝑁𝑁 = �𝜆𝜆 − 𝜀𝜀(1 − [𝐸𝐸𝐸𝐸]𝑡𝑡)�𝑁𝑁 Equation S12   

 

However, to estimate the minimum and maximum target occupancy an extra condition is 

introduced in which all target occupancy levels (1-[ES]t) with values less than TOmin result in no 

effect and values higher than TOmax produce the maximum obtainable efficacy (Equation S15).  In 

addition, a linear correlation between occupancy and effect is assumed to exist between TOmin and 

TOmax (Equation S16).  



 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝜆𝜆 ∗ 𝑁𝑁 − 𝜀𝜀 ∗ (If[(1 − [𝐸𝐸𝐸𝐸]𝑡𝑡) < 𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚, If[(1 − [𝐸𝐸𝐸𝐸]𝑡𝑡) > 𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚, 1 (𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚)⁄ ∗

(1 − [𝐸𝐸𝐸𝐸]𝑡𝑡) − 𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 (𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚)⁄ , 0],1]) ∗ 𝑁𝑁 Equation S15 

 

0 < (1−[𝐸𝐸𝐸𝐸]𝑡𝑡)−𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚
𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚−𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚

< 1 Equation S16 

 

Fitting of the experimental PAE data obtained at each drug concentration to Equation S15 yields 

values of TOmin and TOmax, as well as the value of [ES]t at the beginning of PAE phase. 

  



Pharmacokinetic Data for PT55 and PT119 

a) 

 

b) 

 

Figure 1. Pharmacokinetics (PK) of a) PT55 and b) PT119. Experimental data points represent 
mean values from triplicate and error bars represent 1 s.d. Solid lines are the result of fitting the 
experimental values to a one-compartment PK model. The PK parameters are given in Table 3.  



Analytical Data for SKTS1 

OH
O

O

HN

O

Chemical Formula: C23H25NO4
Exact Mass: 379.17836

SKTS1

 

 

1H NMR (400 MHz, Acetone) d ppm 0.87 - 0.94 (m, 3 H) 1.28 - 1.41 (m, 6 H) 1.58 - 1.68 (m, 2 
H) 2.56 - 2.61 (m, 2 H) 6.35 (dd, J=13.87, 7.84 Hz, 2 H) 6.73 (dd, J=8.16, 2.01 Hz, 1 H) 6.89 - 
6.95 (m, 4 H) 7.06 (d, J=9.16 Hz, 2 H) 7.64 (t, J=7.91 Hz, 1 H).  ESI-MS (m/z): calc for C23H25NO4 

[M - H]- 378.2; found 378.1 [M - H]-.  HRMS (m/z): calc for C23H25NO4 [M + H]+ 380.1856; found 
380.1855 [M + H]+; calc for C23H25NO4 [M - H]- 378.1711; found 378.1717 [M - H]-. 
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