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Supplementary Material

Supplementary Text

We estimated the numbers for immune cell subsets, i.e. DCs, CD4" T cells and CD8" T
cells, in lymph nodes based on the data from (Kitano et al., 2016). First, the numbers
of DCs were estimated by rescaling the whole LN flow cytometry counts to a
computational domain. We assume that flow cytometry reveals about 10% of the total
cellularity (Mario Novkovic, personal communication) and that the computational
domain represents a central section of a bean-shaped LN of 10 um depth. The semi-

axes of the spheroid LN representation are a = %1000um, c= %600um, leading to

the following values of the volumes of a LN: V\ = 4?’Tazc ~ 0.3 x 10°um3, and the

slice: Vsjice = macC - Zgeptn =~ 4.7 X 10°um3. We note that rescaling the cell counts

from (Kitano et al., 2016) using the assumptions stated above resulted in a biologically
realistic dense packing of the computational domain (n =~ 80%).

Given that the total protein mass per APC is in the range between 64+14 pg and
95425 pg (for different dendritic cell subtypes) (Wisniewski et al., 2014), and the
estimation that the fraction of dry solids in a cell constitutes about 27% of the total
mass (Brown, 1991, Illmer et al., 1999), we set the mass of wet APC to be 350 pg. The
same approach was used to define the T cell mass. To estimate the T cell mass, we
used lymphocyte wet weight measurements from (Segel et al., 1981). The here chosen
value of 215 pg corresponds to a protein mass of 60 pg, which is in the range of the
total protein mass of CD4" T cells (Wisniewski et al., 2014). As the protein mass of
CD8" T cells is on average 1.35 times larger than the protein mass of CD4" T cells
(Wisniewski et al., 2014), we set the mass of wet CD8" T cells to be 290 pg.

The T cell radius was set to 3 um (Turgeon, 2005). APC diameter estimates vary from
7 to 15 um (Wisniewski et al., 2014; Goya et al., 2008). Most likely, the range is so
wide because of different dendritic cell subtypes analyzed in references, and also
because a dendritic cell represents a spherical body with numerous dendrites around.
In our model, we define APCs as spherical circles with 13 wm diameter, which
incorporates the area of dendrites, whereas we change the range of adhesive area in
repulsion force to lie in (0.5r, r) (A, = 0.5). Thus, the actual repulsive body of an
APC is 6.5 um, and the outer part x € (6.5, 13) um is an adhesive dendritic area (see
Figure 1C).

The adhesive strength between T cells, which is a weak nonspecific electrical force
(Bell, 1978), is of the order of 0.01 to 0.03 nN (Basu and Huse, 2017, Kong et al.,
2009). It was set to 0.01 nN. The specific adhesive strength between T cells and APCs
Is estimated to be around 1 nN, based on single cell force spectroscopy measurements
(Lim et al., 2012). Also, from that publication, we roughly estimate the viscous
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damping coefficient: the maximal force measured on the cantilever with a T cell
slowly approaching an APC was 1 nN, which leads to u = 0.1 nN - min /um if divided
by the typical lymphocyte velocity of 10 um/min (Miller et al., 2003). We tuned this
parameter to u = 0.2nN -min/um = 12 g/s during calibration. The adhesive
strength between APCs is of the same value as the nonspecific adhesive strength
between T cells.

We set the motility magnitude to be sampled from N(3, 0.3) nN distribution, so that
percentiles P; = 2.3 nN, Pyg = 3.7 NN are positive and below the mechanical force of
~ 5 nN, which is exerted by cytotoxic cells on target cells to potentiate their killing by
destructing their membrane (Basu et al., 2016). The mean and standard deviation were
also manually calibrated to ensure that the maximal cell velocity is <25pum/min and
that their overall profile matches a target cumulative distribution.

The standard deviation for the motility turning angle o(a.), the coefficient c;,; that
takes into account the level of CIL influence and the coefficient f parameterizing a
negative correlation between the motility magnitude and the turning angle, were set
according to the models they originate from (Read et al., 2016, Zimmermann et al.,
2016), and were tuned to match the T cell motility profile.

When performing in silico simulations to study the effect of decreased T cell motility
on target cell location efficiency (Figures 4D and 4E), the parameter n; was used to
decrease the intrinsic motility. We evaluated that a 10% decrease of the average T cell
velocity from the baseline value corresponds to n; = 0.75, the 50% decrease
corresponds to n; = 0.33. To obtain statistics for Figure 4, N=400 realizations were
computed for each scenario of in silico simulations.

Visualization of the spatiotemporal dynamics of the multicellular system simulated
over a 3-hour period is presented in Movie S1.
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Supplementary Movies
Legend for supporting video file “Movie_S1”

Visualization of the spatiotemporal dynamics of the multicellular system simulated
over a 50 minutes period. The following cell subsets are considered: CD4™ T cells,
CD8" T cells and cross-presenting migratory CD8“™CD103" DCs. DCs, CD4" T cells
and CD8" T cells are placed within a total cellularity of 12469 cells, 80% packing
density and 1% precursor frequency. Both T cell subsets are distributed uniformly
through the whole LN, while migratory DCs are found mainly deep in the paracortex
area. The spatial positions for DC locations are iteratively sampled from the 2D
Gaussian distribution with a 99-percentile ellipse DC and accepted if the DC with
sampled coordinates lies within the LN domain and does not overlap with the other
seeded DCs.

Supplementary Figures
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Figure S1. The absolute values of the components of the net force acting on the
randomly selected CD8" T cell in 24-hour of in silico simulations.



