
Microbial communities are ubiquitous in environments as diverse as the forest 
soils and animal intestines because they offer numerous practical efficiencies 
that encourage their establishment. These consortia consequently influence 
medicine, ecology, and are piquing industrial interest for bioproduction 
applications. Chemical dynamics within these communities are therefore 
imperative for research in the life sciences, yet the combinatorially complex 
interactions in these consortia remain intractable for experimentation. 
Simulation can capture aspects of community interactions, but existing methods 
are insufficiently flexible or mechanistically resolved for basic and applied uses.

We therefore developed a method (CommPhitting) to simultaneously integrate 
experimental data with genome-scale metabolic models that dynamically model 
molecular biology with mechanistic resolution. Our model predicts chemical 
interactions and growth kinetic coefficients among each metabolic phenotype. 
The second use case of our model, which is under development, can apply the 
fitted parameters from the first use case of basic understading to predict 
outcomes of rational engineering and community design (depicted at right).
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We are beginning to apply our model to predict community behaviors in various environments, with goal of guiding the rational 
design of microbial communities and their members: e.g. E. coli modifications, such as new chemical pathways, that foster 
bioproduction of commodity chemicals or improve its competitive fitness relative to P. fluorescens in our community. This may 
be most succinctly achieved by simulating our BIOLOG growth data which investigates myriad environmental conditions.

The insights and techniques from our simplified 2-member community are generalizable for other, larger, community systems, 
such as a 10-member Plant-Microbe Interface community from our collaborators at ORNL and eventually complete 
microbiomes. We finally intend to offer all of our data, models, and methods in KBase as published Narratives and a Narrative 
Application for open-science use and assessment of our method towards rationally designing microbial communities.

A few batch growth datasets of our 2-member community on a) Maltose, b) Maltose+4HB, or c) Acetate media, coupled with 
precise Acetate concentrations from metabolomics data, were fitted via CommPhitting to exemplify the first use case of 
investigating community dynamics from experimental data. A representative set of conditions for each media were simulated, 
from which results the phenotype biomass and media concentrations are depicted, in the following sets of figures.

The first use case of CommPhitting which investigates 
a community by fitting experimental data, minimizes 
variance between simulated biomass and derived 
biomass from the experimental data

These constraints represent: biomass change in the  a) non-stationary and b) stationary phenotypes; c) concentration change; 
d) the minimum biomass fraction that transitions its phenotype; e) biomass variance; f) the model prediction of biomass; and 
g) growth kinetic rates. respectively. Constraints a) & c) utilize Heun’s method, which is a 2nd-order Runge-Kutta method.
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CommPhitting captures biological objects through 
the dimensions, variables, and parameters that are 
depicted above and at right.

while minimizing the quantity of phenotypic transitions to mitigate overfitting. The biological processes of the community 
system are captured through the following system of linear constraints:

BIOLOGICAL SYSTEM
An experimentally convenient 2-member community of P. fluorescens SBW25 and 
E. coli (minimally modified) MG1655 was assembled to exemplify our model. This 
community exhibits interesting cross-feeding of acetate from E. coli to P. 
fluorescens, which allows the latter to grow in maltose meda despite not 
consuming maltose (depicted at right). The growth characteristics of this 
community in maltose (consumed by E. coli), 4-hydroxybenzoate (consumed by P. 
fluorescens),  and acetate (consumed by both) media were examined via optical 
density (OD 590 nm) and fluorescence (544 nm excitation & 590 nm emission for 
E. coli and 485 nm excitation & 535 nm emission for P. fluorescens) via 
specialized reporter proteins for each member.

a) 1:10 E. coli : P. fluorescens , 5mM of Maltose

b) 1:10 E. coli : P. fluorescens , 5mM of Maltose and 4mM of 4HB

c) 1:1 E. coli : P. fluorescens , 50mM of Acetate
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Maltose (a) 6e-3 0.28 0.19 266

Maltose
+ 4HB 

(b)
5e-5 0.19 1 501

Acetate (c) 5e-5 0.22 129 0.86
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