INDISIM, an Individual-based Model to simulate microbial cultures
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The acronym INDISIM stands for INDividual DIScrete SIMulation, an Individual-based Model and simulation that dates back to the 80s. The origin of this methodology was in the idea of applying simulation techniques typically used by physics in solving N-bodies problems (Molecular Dynamics) to the bottom-up approaches to communities applied in theoretical ecology, and it was later adapted to model and simulate microbial cultures.

Thus, INDISIM is used to model and simulate the dynamics of a microbial culture under specific conditions. The level of description is mesoscopic: a coarse grain between the cellular approach of systems biology and the macroscopic approach of continuous population models. It typically deals with up to 106 micro-organisms settled in a microscopic extent, and chooses time-steps of the order of a minute to cover time horizons that may last days. This has forced the development of some strategies in order to deal with the specific problematics: merging of discrete and continuous models, use of randomness and recreation of simultaneity despite sequential performance, among others. 

INDISIM  is discrete in space and time. Its basic entity is the microbial cell,  defined by means of a vector 
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. This vector contains the microorganism label (i), its spatial position, and its characteristic variables (instantaneous mass, mass to initiate the reproduction cycle, or reproduction cycle status, among others). Some of these properties may change throughout the microbial life, which is governed by the 'model of microorganism’. This model describes the bacterial motion, uptake, metabolism, reproduction and viability. The environment is divided into spatial cells that contain the microorganisms and the nutrient particles. Each spatial cell is labelled with its coordinates (x,y,z), and its properties are also gathered in a vector 
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 (nutrient content or temperature, among others). The set of rules locally governing the environment  constitute the 'spatial model'. 

INDISIM has been successfully applied to study different microbial systems and processes such as flocculation in brewing yeasts, the bacterial growth cycle, organic matter dynamics in soil, composting process and spreading of the malaria parasite in in vitro red blood cell cultures.
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