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Appendix S1: Diffusive flux to biofilm cells 

The pharmacodynamic model for biofilm cell killing accounts for the dynamics 
of drug availability at the biofilm cells, which is assumed to be controlled by diffusive 
flux from the bulk. Note that diffusion can occur both through a hydrodynamic 
boundary layer, because drug is convected through the flow cell chamber, and through 
the layer of the biofilm itself. Since the thickness of the biofilm is unknown, these two 
diffusive regions are lumped together as one.  

 The flux is determined from the one-dimensional diffusion equation: 

 డ௖డ௧ = 𝒟 డమ௖డ௫మ, (S1) 

where c is the concentration of drug at depth in the boundary layer, x, at time t, and D is 
the effective diffusivity of the drug. This partial differential equation is subject to initial 
and boundary conditions: 

 

@𝑡 = 0, 𝑐 = 0 @𝑥 = 𝐻, 𝑐 = 𝑐଴ @𝑥 = 0, 𝑐 = 0, 

(S2) 

where H is the depth of the boundary layer. By scaling the equations according to θ = 
c/c0, ξ = x/H, and τ = Dt/H2, equation (S1) becomes: 

 డఏడఛ = డమఏడకమ, (S3) 

and the boundary conditions: 

 
@ 𝜏 = 0, 𝜃 = 0 @ 𝜉 = 1, 𝜃 = 1 

(S4) 



 2 

@ 𝜉 = 0, 𝜃 = 0. 

This equation and boundary conditions give rise to a Fourier series solution: 

 𝜃 = 𝜉 + ଶగ ∑ ሺିଵሻ೙௡ sinሺ𝑛𝜋𝜉ሻ 𝑒ି௡మగమఛஶ௡ୀଵ  . (S5) 

The desired flux is found from Fick’s Law applied to the cell interface: 

 𝐽 = 𝒟 డ௖డ௫ቚ௫ୀ଴ = 𝒟௖బு డఏడకቚకୀ଴ = 𝒟௖బு ൣ1 + 2 ∑ ሺ−1ሻ௡𝑒ି௡మగమఛஶ௡ୀଵ ൧. (S6) 

 For experiments in which drug is introduced transiently, the diffusion equation 
is solved in two time domains. The first, which applies from time 0 to t*, is governed by 
the above equations and boundary conditions. For the second domain, from time t* to t, 
the dimensionless time, τ’, is the time since the drug supply was turned off, τ’ = D (t - 
t*)/H2. The initial condition for this domain is the concentration profile corresponding to 
the solution (S5) at time t* (τ* = D t*/H2). Since the drug supply has been turned off, 
there is no additional flux from the bulk fluid into the boundary layer, which sets the 
boundary condition at the boundary layer-bulk fluid interface. That is, 

 డఏడఛᇱ = డమఏడకమ, (S7) 

is solved subject to the boundary conditions: 

 

@𝜏ᇱ = 0, 𝜃 = 𝑔ሺ𝜉ሻ 

@ 𝜉 = 1, 𝜕𝜃𝜕𝜉 = 1 

@ 𝜉 = 0, 𝜃 = 0. 

(S8) 

 The solution to (S7) subject to (A8) is also given by a series solution: 

 𝜃 = ∑ 𝐷௠ sin ቀ௠గకଶ ቁ 𝑒ି௠మగమఛᇱ/ସஶ௠ୀଵ,ଷ,ହ,...  , (S9) 

in which the series coefficients, Dm, are determined from the concentration profile at the 
time the drug supply was turned off: 
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𝐷௠ = 2𝜋ଶ ൝ 4𝑚ଶ sin ቀ𝑚𝜋2 ቁ

+ ෍ ሺ−1ሻ௡𝑛 𝑒ି௡మగమఛᇱஶ
௡ୀଵ ቈsinሾሺ𝑛 − 𝑚/2ሻ𝜋ሿ𝑛 − 𝑚/2 − sinሾሺ𝑛 + 𝑚/2ሻ𝜋ሿ𝑛 + 𝑚/2 ቉ൡ 

(S10) 

The desired flux is again found from Fick’s Law applied to the cell interface: 

 𝐽 = 𝒟 డ௖డ௫ቚ௫ୀ଴ = 𝒟௖బு డఏడకቚకୀ଴ = గଶ ∑ 𝑚𝐷௠𝑒ି௠మగమఛᇱ/ସஶ௠ୀଵ,ଷ,ହ,...  . (S11) 

 

Table S1: Effect of transit compartment number on error: tobramycin 

 0 Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. 6 Comp. 

µB 0.0000 0.1849 0.0185 0.0432 0.0713 0.0321 0.0300 ⍺ 0.0351 0.0046 0.0057 0.0005 0.0003 0.0002 0.0005 

β 0.02 0.1168 0.1472 0.1021 0.1832 0.2088 0.5713 

γ 3.4315 1.8425 1.6725 2.4132 3.2428 3.5330 2.7133 

kt 0.00 0.1481 0.3747 0.3895 0.4495 0.5424 0.6120 

Error 0.6449 0.2714 0.3469 0.0604 0.0563 0.0561 0.0718 

 

Table S2: Effect of transit compartment number on error: colistin 

 0 Comp.  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. 

µB 0.0466 0.0001 0.062 0.1424 0.290 0.4631 

⍺ 0.0238 0.0082 0.0191 0.023 0.0224 0.0211 

β 0.4165 0.3986 0.6889 1.0170 1.765 3.3533 

γ 2.9409 4.4313 2.93 2.50 2.357 2.2343 
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kt 0.0000 1.8924 4.1184 4.9999 4.9999 4.9999 

Error 1.4165 1.1361 1.6946 2.0074 2.6296 3.3053 

 


