
Symbol Parameter Unit

D, Di Metabolite diffusion coefficient in biofilm L2 · T−1

J Number of metabolites
L Biofilm thickness L
L0 Initial biofilm thickness L
M Number of genes (mRNA)
N Number of proteins
p Product concentration M · V−1

P Overall protein synthesis rate M · V−1 · T−1

R Biofilm cluster radius L
X Cell density M · V−1

Yxs Yield coefficient of biomass on nutrient s (M X)(M s)−1

Yps Yield coefficient of product on nutrient s (M p)(M s)−1

f, fi Fraction of total mRNA synthesis Dimensionless
g, gi Fraction of total protein synthesis Dimensionless
h0 Characteristic length scale L
k Reaction rate coefficient for metabolite T−1 or M · T−1

kLa Oxygen gas-liquid mass transfer coefficient T−1

mi Turnover rate of i-th mRNA T−1

ni Turnover rate of i-th protein T−1

q Quorum sensing molecule concentration M · V−1

r Spatial variable for spherical symmetry case
s, si Metabolite concentration M · V−1

s0 Bulk concentration of nutrient M · V−1

t Time variable
t0 Characteristic time scale T
v Biofilm growth velocity L · T−1

w, wi Gene transcript (mRNA) concentration M · V−1

x, xi Protein concentration M · V−1

~y General spatial variable
z Spatial variable in 1D
αi Controlling parameter in quorum sensing
β, βi Metabolite reaction rate M · V−1 · T−1

η Controlling parameter in denitrification M−1 · V3

θ Overall gene synthesis rate M · V−1 · T−1

µ Growth rate of biofilm T−1

µmax Maximum specific growth rate (0-order kinetic) T−1

µI Growth rate coefficient (1st-order kinetic) T−1 · M−1 · V
ρR mRNA density M · V−1

ρP Protein density M · V−1

σ Biofilm detachment coefficient L−1 · T−1

Table S1: Nomenclature. Notations for units: M = [mass], L = [length], T = [time], V = [volume].


