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technologies, biochemical methods and molecular eco-
system biology tools. It is now possible to get an overall
view of the 3-D biofilm structure and a more detailed
knowledge of the structure down to the nano-scale
level (Neu & Lawrence, 2015).

Simultaneously, it is also now conceivable to obtain
a deeper understanding of the physiology of the biofilm
cells, the genotypic and phenotypic variation among
the biofilm community, as well as the biofilm metabo-
lome, proteome and transcriptome (Raes & Bork, 2008).
The same way, biofilm technology also evolved towards
the development of biofilm devices that better mimic
real environmental conditions.

A deeper knowledge of the biofilm as a whole and at
a single cell level and how it interplays with the sur-
rounding environment will aid the development of effi-
cient methods to control deleterious biofilms (clinical
biofilms, food contaminants, biofouling on industrial
equipment and on ship hulls) or to enhance and modu-
late beneficial ones (for waste-water treatment, bio-
remediation, production of electricity and bio-filtration).
This requires a multidisciplinary approach assisted by
adequate methods. This article comprises a comprehen-
sive and critical review on several biofilm methods
(summarized in Figure 1), aiming at guiding scientists
into the most appropriate and cutting edge techniques
for a better understanding of biofilms.

Biofilm formation devices

Choosing the experimental platform for biofilm experi-
ments determines what kind of data can be extracted,
and care must be taken to ensure that the selected
platform will fulfill the requirements of the experi-
ments. All platforms have advantages and limitations,
which will be highlighted here and summarized
in Table 1.

Microtiter plates

Biofilm formation in microtiter plates is certainly the
most commonly used method (Figure 2). Originally
developed by Madilyn Fletcher to investigate bacteria
attachment (Fletcher, 1977), it further proved to be
compatible with the study of sessile development
(O'Toole & Kolter, 1998). In the classical procedure, bac-
terial cells are grown in the wells of a polystyrene
microtiter plate (Djordjevic et al., 2002). At different
time points, the wells are emptied and washed to
remove planktonic cells before staining the biomass
attached to the surface of the wells. Biofilm biomass
can alternatively be quantified by detachment and sub-
sequent plating.

In the microtiter plate assay, the biofilm biomass is
assessed by measuring all attached biomass. However,

Figure 1. Overview of methods to grow and characterize biofilms, which includes different biofilm devices, methods to assess
adhesion extent and strength, and techniques to measure biofilm biomass, viability and matrix composition. # Joana Azeredo.
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Modelos comerciales



Modelo clásico de screening

Cultivo de 
cepas con 
medio LB

Remoción de 
bacterias 

planctónicas

Medida de 
absorbancia a 590 

nm

Incubación por 
48 hs a 37°C

El biofilm 
adherido se tiñe 

con CV

Pre-inóculo de 
cada aislamiento

https://
youtube.com/
playlist?
list=PLG8B8Uyfh
7-D4oBxTzx0JI4-
MhBnET3nq

https://youtube.com/playlist?list=PLG8B8Uyfh7-D4oBxTzx0JI4-MhBnET3nq


Clasificación

Valores de la absorbancia de acuerdo a la clasificación 
para la formación de biofilm.

Clasificación DOc=0,21 Valores

No formador DO≤DOc ≤0,21

Débil formador DOc<DO≤2xDOc 0,21<x≤0,42

Moderado (2xDOc)<DO≤(4x DOc) 0,42<x≤0,84

Gran (4xDOc)<DO >0,84



Evaluación de antimicrobianos

Cultivo de 
cepas con 
medio LB

Remoción de 
bacterias 

planctónicas

Medida de 
absorbancia a 590 

nm

Incubación por 
48 hs a 37°C

El biofilm 
adherido se tiñe 

con CV

Pre-inóculo de 
cada aislamiento
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CARACTERÍSTICAS DEL MODELO

Imitación de características 
fisiológicas

Microorganismos 
enfrentados a flujo y 
turbulencia

No invasivo

Seguimiento en el 
tiempo

Estructura tridimensional y 
organización espacial





A.baumannii C100
0,5 McFarland





Naranja de acridina 
0,01 mg/ml

Microscopía 
láser confocal



0
Gentamicina

32 mg/L
64 mg/L



Naranja de acridina 
0,01 mg/ml 

Microscopía 
láser confocal

Gentamicina
32 mg/L
64 mg/L



Tinciones









FISH

Técnica de tinción que permite identificar bacterias en 
muestras complejas usando Microscopía de fluorescencia y 
confocal. 

Empleo de sondas para ADN o ARN marcadas 
fluorescentemente






