S1 Appendix: Details on the modeling and fitting
analysis.

Model with implicit toxicity (Model 1)

We fit the data from the experiments to a mathematical model to predict whether
species are expected to engage in competition, facilitation, and/or to coexist over long
term serial transfers.

The first model is a modified Monod model with maximum growth rate r,
half-saturation constant K, and yield Y, in which we incorporate a mortality term to
take into account concentration-dependent toxicity of linoleic acid (LA). We assume
that toxicity of the environment T'(t) increases linearly over time and is proportional to
the LA concentration T'(¢t) = (8 + ~t) (in a simpler version of this model, we assume
that toxicity is constant, v = 0, cf .

The equations that we start from are for a single species B in a batch culture with

LA (O):
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The equations for two species (B, corresponding to Ct and Bs, corresponding to At)
in co-culture in LA are:
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Because the bacteria show some growth in the minimal medium, we assume an
additional unknown nutrient to be present in the minimal medium, whose concentration
N(t) is modelled in an additional equation. The updated model becomes:
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We then first estimate the parameters of the growth in the minimal medium using
an arbitrary concentration for this unknown nutrient (0.01), by using the data from
both mono- and co-cultures of Ct (species By) and At (species Bz) in the minimal
medium . This allows us to obtain estimates for the parameters ry1, 72, YN1,
Yn2, Kn1 and K. Then, we fix these parameters and estimate the parameters for the
growth of At and Ct in mono-culture using a range of concentrations of LA (0.05%,
0.1%, 0.5% and 0.075%). This allows us to estimate r¢1, ro2, Yo1, Yoo, Ko1, Ko1 and
the toxicity parameters for Ct (81 and v1) and At (B2 and 72). .

December 20, 2023

26/[30]



dB,
dt
dB,
dt
dc
dt
AN
dt
dR
dt

Model with explicit toxicity due to ROS (Model 2)

In this second model, we add a new state variable corresponding to the concentration of
ROS. LA is now only a nutrient, and the toxicity is proportional to ROS concentration
(which can increase), so we do not need a specific parameter for the toxicity
accumulation. The parameters 1 and [, are the sensitivity of Ct and At to ROS (high
value meaning low tolerance). The uptake of LA does not change from the previous
model. The ROS intrinsic dynamics depend on their production by the oxidation of LA
(spontaneous oxidation at rate d, positive feedback by ROS presence in the media, e,
their half-life [ and the yield of ROS production m; in a simpler version of this model,
we assume no positive feedback, e = 0, cf. To this intrinsic part, we add the
detoxification by the cells, through parameters o1 for Ct and as for At.

The co-culture equations become:
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The mono-culture equations can be derived by setting one of the two bacterial
densities to zero. Because we now have data on the spontaneous oxidation of LA in
cell-free media, we can first estimate the parameters d, e, m, and [ using the ROS proxy
at different LA concentrations. We then use these fixed parameters to estimate the
parameters of growth, toxicity, and detoxification for single species in mono-culture.
Then, predictions can be made, as in the previous model, for the co-culture dynamics,
short- and long-term dynamics (serial transfers), and mimicking the addition of a ROS
quencher to the media (setting initial ROS concentration to zero, as well as parameters
d, e, and [, figure not shown).

The best-fit parameter estimates for ROS intrinsic dynamics in model 2 are listed in
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