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Dra. Sara Bover (IRTA)

Cultures of Saccharomyces 

cerevisiae

Dra. Marta Ginovart
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Xavier Portell Dr Josep Vives Rego (UB)

Cultures of malaria parasite 

in red blod cells.
Dr. Joaquim Valls

Jordi Ferrer

Roger Dalmau

Dr. Domingo Gargallo 

(CRESIB, GSK)

Environmental sciences Dra. Anna Gras Zivko Juznik (GIRO) Dr. Xavier Flotats (GIRO)

Synthesis and abstraction coordination: Dra. Clara Prats

Experimental research: Dra. Rosa Carbó
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Despite their small size, microbes play an enormous 

role in the cycle of matter and in the metabolism of this 

planet.

Bacteria alone account for 50% of the biomass of 

carbon and over 90% of the biomass of nitrogen and 

phosphorus on our planet.

Microbial biota on Earth is thought to exceed in weight 

all other living things combined.

At least as much photosynthesis is carried out by 

marine microbes as by terrestrial plants.

Microbes are also critical for assimilating dissolved 

organic material into the particulate organic matter used 

by eukaryotes.
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ÅImportance of microbiology:
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Nearly 99% of the microbial species estimated have not 

yet been successfully cultured in vitro.

There is an increased appreciation that microbes in 

nature tend to live in communities, some with their 

own kin, others in consortia with different microbes.

We can expect many more of the ñuncultivableò 

microbes to be grown in the laboratory with the 

development of new meyhods to do so, facilitating 

studies on their physiology.
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For many years microbiology has had a major impact on these disciplines.
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As we have learned more about the impact of microbes on the environment, the 

roles of microbes in causing diseases previously attributed to genetics or 

environment, and the applications of microbes in nanotechnology, microbiology has 

assumed an important role in essentially all disciplines of science.
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The behaviour of a microbial population and its 

effects on the surrounding environment can be 

forecast once its state at a given moment is known.

Models are needed which scale?

Predictive microbiology 

Intracellular molecules Evolution of a microbial population



ÅAddressed to the study of the structure of 

biomolecules and the interactions among them and 

with other molecules (e.g. water).

ÅTypically deal with 103 to 109 atoms and are spatially 

explicit. 

ÅTemporal scale from 10-9 to 10-3 seconds.

ÅFrom biochemical kinetics to structural biology. 

ÅSome of the current topics under study:

Åsequence analysis of macromolecules, 

Åstudy of their structure and related folding phenomena

Åmolecular interactions and docking

Åtransport of substances through the cellular membrane 

Introduction

ÅMolecular level of description:
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ÅAddressed to explain cell physiology and deal with 

the problem of reducing a great amount of 

experimental data in order to obtain a functional 

description of the cellular processes as a whole (e.g. 

bioinformatics, systems biology).

ÅAn average cell contains 1013 atoms. 

ÅTemporal scale of metabolic processes around 10-3

seconds (enzymatic limiting reactions or diffusion of 

substances across the cell). 

ÅFocused on the interactions among biochemical 

kinetics, cellular structure and global regulatory 

mechanisms.

Introduction

ÅCellular level of description:
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ÅAccount for microbial communities as a whole and are 

designed to study their structure and evolution.

ÅDynamic description of the total population by means 

of differential equations and stochastic treatments.

ÅDeal with populations of up to 109 cells; temporal 

scale from several hours or days. 

ÅSome applications of these models:
Åpredictive microbiology in foods and control of 

fermentation processes, 

Åoptimization of microbial cultures and antibiotics 

production in the pharmaceutical industry, 

Åwaste control and water treatment,

Åstudy of microbial ecology and evolution of population 

diversity in wild or artificial ecosystems.

Introduction

ÅPopulation level of description:
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Macroscopic scale

Introduction

ÅLevels of description of a microbial community:

Cellular   PopulationMolecular 

Mesoscopic 

connection

Microscopic scale

INDISIM

Individual-based Modelling
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BacSim



Index

1. Introduction

2. INDISIM

3. MOSIMBIO strategy

4. Synthesis and abstraction



INDISIM, an overview

INDividual DIScrete SIMulation

ÅBottom-up approach to microbial population dynamics

ÅSpatially explicit and temporally discrete

ÅLow-level entities: bacteria, spatial cells

ÅRules governing the bacteria and environment:

Model of the bacteria 

Model of the local environment and interactions

ÅStatistical treatment of the low-level entities to obtain the 

system-level configuration at each time step
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INDISIM, an overview

Characteristics:

Position

Mass

Mass to initiate reproduction cycle

Reproduction cycle status

Bacterial cell i

Rules:

Motion

Nutrient uptake

Metabolism

Reproduction cycle

Viability

ÅModelling the bacteria
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INDISIM, an overview

ÅModelling the space
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Characteristics:

Nutrient particles

Temperature

Rules:

Nutrient diffusion

Heat transfer

Boundary conditions

Spatial cell (x,y)



INDISIM, simulation results

ÅAn example: letôs simulate the growth of a bacterial batch 

cultureé
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ÅAt a population (macroscopic) level of descriptioné

INDISIM, simulation results
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ÅAt an individual (microscopic) level of descriptioné

INDISIM, simulation results
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ÅThe mesoscopic approach: cell biomass distribution

INDISIM, simulation results
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ÅThe mesoscopicapproaché

INDISIM, simulation results
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INDISIM:

ÅModelling and simulation of bacterial 

cultures under different conditions.

INDISIM-YEAST:

ÅYeast growth: flocculation and 

ethanol production
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INDISIM-RBC:

ÅGeometric constraints on the parasite 

propagation in malaria-infected red 

blood cells static in vitro cultures.

INDISIM-SOM:

ÅPredictive modelling of a 

multiespiece frameworks with 

increasing metabolic complexity.

In the same line: INDISIM-COMP
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(ii) What do these 

systems have in 

common?

(i) Specific results of 

each system

Synthesis and 

abstraction


