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Sérgio F. Sousa

15.1 Biofilms in health 329
15.2 Mechanisms of biofilm formation 330
15.3 Quorum sensing 332
15.4 In silico methods 335

15.4.1 Computer-aided drug design: history
and methods 335

15.4.2 Molecular docking 337
15.4.3 Virtual screening 341
15.4.4 Quantitative structureeactivity relationships 345

15.5 Conclusions 349
Acknowledgment 349
References 349

16. Challenges and perspectives in reactor scale
modeling of biofilm processes

Hermann J. Eberl and Matthew J. Wade

16.1 Introduction 359
16.2 Mathematical modeling of biofilm reactors 363

16.2.1 Chemostat modeling 364
16.2.2 One-dimensional biofilm models 368
16.2.3 A biofilm reactor model 371

16.3 Modeling challenges and perspectives 373
16.3.1 Mathematical and computational challenges 373
16.3.2 Implicit model assumptions and level

of detail in process descriptions 375
16.3.3 Some parallels and connections between

modeling and experimental studies 377
16.4 Conclusion 379

Acknowledgments 380
References 380

Index 385

Contents xi



This page intentionally left blank



Contributors

Ana Cristina Abreu, Department of Chemistry and Physics, Research Centre
CIAIMBITAL, University of Almerı́a, Almerı́a, Spain

Mafalda Andrade, LEPABE d Laboratory for Process Engineering Environment,
Biotechnology and Energy, Department of Chemical Engineering, Faculty of
Engineering, University of Porto, Porto, Portugal
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A.L. Gonçalves, LEPABE d Laboratory for Process Engineering Environment,
Biotechnology and Energy, Department of Chemical Engineering, Faculty of En-
gineering, University of Porto, Porto, Portugal

Nelson Lima, Centre of Biological Engineering, University of Minho, Braga, Portugal
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Preface

The ability of microorganisms to adhere on surfaces and form biofilms is a
privilege. These aggregates of cells enclosed in a matrix of extracellular poly-
meric substances show a physiology that is distinctly different from that of the
same cells in planktonic state. Biofilm growth is arguably the most relevant
growth state for the majority of microorganisms, particularly bacteria. Its
complexity relative to planktonic growth means that we still have a poor
understanding of how microorganisms behave in such a complex structure.
Biofilms are as versatile as they are ubiquitous. Intentional and unintentional
biofilms concern a broad range of areas, comprising special attention in the in-
dustrial/environmental and biomedical areas. As consequence, research on
biofilm science and technology is an evolving research area.

This book contributes with new insights regarding the biofilm mode of life,
giving the readers a significant content focusing the recent advances on multi-
disciplinary biofilm research. The book is strategically outlined with data on
biofilm formation by diverse microorganismsdbacteria, microalgae, and fila-
mentous fungi. Top-notch methods for biofilm analysis and characterization are
described in terms of analytical chemistry and mathematical modeling.
Advanced strategies for biofilm control are detailed in several chapters as well as
the in silico analysis for the development of biofilm-targeting molecules.
Biofilms are further conveniently described for their biotechnological potential,
particularly for wastewater treatment and for bioenergy production as biofilm
fuel cells.
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