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Understanding microbial community functions is challenging due to complex interactions and assem-
bly mechanisms; however, advances in sequencing have enabled the collection of multi-omics data,
including population counts and metabolomic or metatranscriptomic data. Our main objective is to
develop a mathematical model capable of integrating time series of multiomics data at a community
scale.

We introduce the community metabolic flux analysis (cMFA) method, which generalizes metabolic
flux analyses (MFA) [1], using a list M of time series data of experimentally measured production

and consumption rates of metabolites and microorganism growth R,,;. We aim to infer, for each
(0)

member of the microbial community, the intracellular distribution of metabolic fluxes. v,,"; by solving
the inference problem :
find, for ¢ > 0 and for N, micro-organisms, the rate vectors (v(1)(¢),---,v(Ve)(¢)) such that
WO @), - v E) @) = arg min Rt — xV0 02+ AR (1)
S® ., =0, forb=1, - N 'm;/l be;m

Cv(rlzz)'n < v < CSZ()H, forb=1,--- N,

Where Xt(b) is the density of microorganisms b at time, ¢t and B, is the list of microorganisms me-
tabolizing m. This is a high-dimensional constrained linear regression problem, informed by mass
conservation constraints (S® - v(®) = 0) and metatranscriptomic data, encoded in the penalty term
R(v). The difficulty here is in accurately inferring latent internal rates from a few observations of
exchange fluxes.

We evaluated the cMFA method on synthetic data from dynamic models of increasingly complex mi-
crobial communities, based on metabolic models of different mutants of Escherichia coli using dynamic
flux balance analysis (AFBA) [2]. Synthetic metatranscriptomic data were obtained from internal me-
tabolic fluxes in the dynamic model. Different regularization terms R were tested, including different
levels of sparsity, for the selected penalty weight A. To evaluate the robustness of the method, multiple
benchmarks were tested. These included assessments of the robustness of the method to data noise,
incomplete meta-transcriptomic data, and inaccurate prior knowledge of metabolic import rates. Cur-
rently, we are working with real data and expanding the study to a larger microbial community.
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