Text S1: Construction of the alveolus and its composition, estimation of cell numbers, diffusion of

chemokines and run-time profiling of the simulations.

Construction of the Alveolus and its Composition

The most frequent shape of alveoli in humans was found to be the three-quarter alveolus [1]. In order
to construct the spherical shape according to the volume fraction, we use a lower threshold for ¥, of the

polar angle ¥, <9 < 7. 9. is computed with the help of the following equation:
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which leads to ¥. = w/3. It follows that the epithilial surface of the three-quarter alveolus equals
Apl = 312,

The total number of alveoli in the human lung was estimated in Ochs et al. [2]. Here, a stereological
analysis was performed to estimate the overall number of alveoli in the lung of adult humans. This yielded
the average number of 4.8 x 10%, with all measurements being in the range [2.74,7.9] x 10® alveoli.

The spatial arrangement and dynamics of single alveoli are governed by the influx of air and the
respiration frequency. The International Commission on Radiological Protection (ICRP) designed a
standard model of the human lung and also displayed standard values for the respiration of human
beings at different ages and different states of effort [3]. Breathing frequencies and tidal volumes are
the important parameters in this respect. Balashazy et al. calculated based on the tidal volume of
Vr = 750ml per breath and from an average alveolar radius of Aty max = 125 um in the resting state,
the average minimum alveolar radius rAly min = 116.5 pm under the assumption that alveoli resize in the
same way during one breathing cycle [4]. Under this assumption and for a tidal volume of Vi = 1923 ml
per breath during heavy exercise, the maximum alveolar radius reaches 136.5 pm.

For the construction of the epithelium it is necessary to know the numbers and sizes of the alveolar
epithelial cells (AEC), which consist predominantly of type I and type I AEC. In Herzog et al., it is
described that type I cells cover 95% of the surface area in alveoli and the remaining 5% are covered
by type II cells [5]. Type I cells have a flat morphology and are huge in comparison to type II cells,
which have a cuboidal shape. The proportions of the number of cells differ strongly from the surface

coverage relation between type I and type II cells as a matter of the size-differences of the cells. Herzog



et al. reported that type I cells make up 8% of all cells in the adult human lung, whereas type II cells
amount to 15%. Stone et al. measured the mean cell-volume of AEC type II of human lungs, which was
VarcT2,ave = 815 pm? on average [6]. With this value we are able to estimate the number of cells in one

alveolus. The length of one AEC type II edge assuming cubic symmetry is given by
QAECT2 = in]égCTZavg ~9.3 pm (2)

This leads to a surface coverage of the alveolus (assuming a three-quarter sphere) of AxrcT2 = 03 pcTs
per type II cell. Knowing that type II cells cover 5% of the alveolar surface, we are able to determine the

number of cells in inflated and deflated alveolar state by
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This leads to the number of type I cells by the relation of the fraction of both cell types:

8%

NABECT1,max = F(;)nAECTZ,maX ~ 45, (5)
8%

NAECT1,min = F%nAECTQ,min ~39. (6)

In the model, the AEC of type I are placed first. To reach the amount of cells calculated for a three-
quarter sphere it is necessary to introduce the parameter nagcTi,pgc, Which is a natural number that
defines how many cells occur along a great circles of the sphere. The centroids of the type I cells are
placed equidistantly by geodesic length (277 a1y, max )/ aBCT1,pge OVer parallels of the sphere, whereas the
parallels themselves are equidistantly distributed over the whole sphere by the same geodesic length in
the interval ¢ € [J., | starting from ¥. = 7/3. The amount of centroids of AEC of type I varies per
parallel depending on the fraction of its length to the length of a great circle. The amount of cells per
parallel equals naApcT1,pgc sin 1, where ¥ is the polar angle of the parallel under consideration. Note that
parameter nAgECcT1,pge determines the total number of type I AEC nagrcT1 per three-quarter alveolus. We
varied nAECT1,pge in order to get a total type I cell number with naArcT1,min < NAECTI < NAECTI,max-

We determined a value of nagcTi,pec = 13 leading to nagcTi = 39 and nagcrt2 = 74 for the alveolus



model and the simulations. From the centroids of the AEC of type I the three-dimensional Voronoi
tesselation is calculated and mapped onto the surface of the sphere. Each Voronoi cell represents the
spatial dimensions of one AEC of type I. The pores of Kohn and the AEC of type II are subsequently
placed randomly over distinct edges of neighbouring type I cells.

Regarding the pores of Kohn, Kawakami et al. performed a study comparing different measures like
number per alveolus and axial length of a pore in humans [7]. From an average surface of 11.1 x 103 um?
for the bottom part of the alveolus and an average of 8.9 pores per bottom part, we are able to estimate

the average surface density of the pores of Kohn to be 802mm™2.

From the average fraction of the
covered area by pores of Kohn of the bottom part being 0.0225, we obtain a coverage surface of 28.1 ym?
per pore which leads to an average radius of 2.99 um for a pore assuming circular symmetry of its cross

section.

Estimation of Cell Numbers

The density of alveolar macrophages pay is taken from the study of Wallace et al., where smokers and
non-smokers were compared [8]. For non-smokers the surface density is pam = 29.4mm~2 on average.
Note that the alveoli were in expanded state when they sampled the macrophages in order to compute
the density. From the surface density pan, the area covered by one lung alveolus Aa), and the overall

number of lung alveoli naj, = 4.8 x 108, we are able to estimate the total number of alveolar macrophages

on average in the following way:

2
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2.1 x 107 . (7)

Q

Here, we assume that each alveolus has the surface area of a three-quarter sphere in expanded state under
resting breathing conditions, which relates to an alveolus radius of raiy, max = 125 pm.
From the density of conidia peon = 194m~3 [9], we derive the frequencey of spore-inhalation fi,, as

follows:

finh = pconVT fAlv ) (8)

where Vp is the tidal volume per breath and faj, the frequency of respiration. Considering resting



breathing conditions, we find fi,n ~ 6300d~!. Note that this number relates to the amount of spores
that pass into the thorax, but it remains unknown what fraction conidia are able to evade the filter

activity of the lung and reach the alveolar ducts.

Diffusion of Chemokines

We apply the two-dimensional planar diffusion equation with a source term:

O od 1) = DVe(d 1)+ 5(1) (9)

where c(cz t) is the molecule concentration at position d= (z,y)T and time ¢, V is the Nabla operator and
D the diffusion constant. We start from the initial condition c(d_: 0) = 0 and set a constant source term
S(d,t) = Sod(ds), where dg is the location of the point source and d(-) is the Dirac delta distribution.

The analytical solution of equation |§| with dg = (0,0)T is given by:

c(d,t) = So_ X 7y (O, d2> , (10)
47D 4Dt

where d = /22 4 y2 and (-, -) is the lower incomplete Gamma-function. The gradient of the chemokine

distribution is then given by
%C(d, 0 = 2%% Xy (1, f;) . (11)
Note that (1, 4‘1—;) — 1fort > d?/(4D), leading to a 1/d proportionality of the concentration gradient in
the steady state. The 1/d relation enters the expression for the probability psig(d) of alveolar macrophages
to perform directed migration towards the AEC associated with the fungus. The maximum intensity of
the signal is set at the edge of the AEC with ry = 30 pm for type I and r¢y = 5.27 um for type II from
its centroid. This yields the distance-dependent probability psis(d) = ro/d for d > ry that is used in this

study.

We assume that mapping the two-dimensional planar solution of the diffusion equation to the two-

dimensional spherical inner surface of the alveolus is a reasonable assumption in the limit of ro /(77 a1y, max) =

0076 < 1.



Run-time Profiling of the Simulations

The execution time of the simulation program depends linearly on the timesteps required for the first
passage of one of the alveolar macrophages. The average run-time, t,un,a¢, for one timestep is independent
of the spread of the first-passage-time distribution and of the scenarios (static case At = 0.1 min, breathing
cases At = 0.001 min). However, this measure depends on the dynamically changing number of agents
to be simulated in the timestep under consideration.

In Table S1 we show the average run-time per timestep for the different scenarios tested in this
study. We see slight differences among persistent random walk and biased persistent random walk, since
directions of migration have to be computed additionally in the simulations where chemotaxis is involved.
Despite having spatial rescaling of all agents in the breathing scenarios in order to meet the bound-to-
surface condition, run-time does not increase in comparison to the static case. The small timestep reduces
the average load, since interaction events or the exit and input of AM from or into the system become
rare cases. Note, however, that the overall runtime of the breathing scenarios is indeed much higher
than for the static case by about two orders of magnitude, as the timesteps At differ by two orders of

magnitude.
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