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Outline

• Biofilms and their clinical significance?

• Aspergillus biofilm development 

– Phenotypic analysis

– Genotypic analysis



What are biofilms?



Biofilms Defined

“….matrix-enclosed microbial 
populations adherent to each other
and/or to surfaces or interfaces"



Ubiquitous

http://rds.yahoo.com/_ylt=A9htfR6OzcVEgG0Al8SJzbkF;_ylu=X3oDMTBjZGM1ZGE1BHBvcwM1BHNlYwNzcg--/SIG=1fe8pq0b7/EXP=1153900302/**http%3a//images.search.yahoo.com/search/images/view%3fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Ddental%252Bplaque%2526ei%253DUTF-8%2526fr%253DFP-tab-img-t-t410%2526x%253Dwrt%26w=166%26h=100%26imgurl=cqb.fc.ul.pt%252Fbiocorrosion%252Fimages%252Fdental_plaque1.jpg%26rurl=http%253A%252F%252Fcqb.fc.ul.pt%252Fbiocorrosion%252Fbiocorrosao.htm%26size=7.1kB%26name=dental_plaque1.jpg%26p=dental%2bplaque%26type=jpeg%26no=5%26tt=5,848%26ei=UTF-8


Functional Benefits

• Protected

• Nutrients

• Detoxification

• Co-ordinated



Biofilm Research Statistics

‘65% of all bacterial infections are biofilm related’
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Pulmonary Biofilms



The Cystic Fibrosis Lung

• Singh et al (2000) demonstrated 
the production of autoinducer
molecules in sputum of CF 
patients

• Ratio of different auto-inducers 
(C4 to C12) was consistent with 
biofilm

• C4-HSL could serve as a 
biomarker of biofilms

CF sputum (Singh et al. Nature 2000. 407).

http://arjournals.annualreviews.org/na101/home/literatum/ar/journals/production/micro/2003/57/1/annurev.micro.57.030502.090720/images/large/mi57_0677_3.jpeg


Aspergillus and CF

Bakare et al. 2003. Mycoses. 46, p19.

Pressler et al. 2006. J. Cystic Fibrosis. 5, p9-15



Fungus Ball: Biofilms?

“….matrix-enclosed microbial 
populations adherent to each 
other and/or to surfaces or 
interfaces" 



Biofilm Development



Planktonic

Mature biofilm

Micro-colony

Development

Chandra et al. J. Bact. 2001. 183



Hyphae and Fungal Biofilms

Δefg1 Δcph1 Δ efg1

Δ cph1Wild type

Ramage et al. 2002. FEMS Micro Let.



Spores inhaled Germination

Mass of hyphae 
(plateau phase)

Hyphal elongation 
and branching

Aspergillus Life-Cycle



Biofilm Model

101 102 103 104 105 106

Biomass

BiomassMetabolic activity



104 spores/ml 105 spores/ml 106 spores/ml

Mowat et al. 2007. J Med Micro. 56.

Seeding Density



Biofilm Growth Kinetics

4h 8h

10h 12h

16h 24h

12 h 24 h



Aspergillus Matrix

Beauvais et al. 2007. Cellular 

Microbiology. 9, p1588-1600



Transcriptional Profiling



Tissue Culture Model

8h 12h 24h18h



A. fumigatus arrays
covers 95% of genome,

(9985 spots)

Data analysis
Using Biopuce
Software

Image analysis

Microarray Studies at Genopole

RNA quality control
(Agilent Bioanalyser)

Cy3/ Cy5 Labelling
(Promega kits)

Scan arrays

Overnight automated hybridisation
Labelling checked
using Nanodrop

http://genopole-toulouse.prd.fr/


Transcriptional Alterations

~ 30% 



Active growth and differentiation



Active growth and differentiation



Stabilisation



Genes of Interest
Class Gene 

name
Function Putative 8 v 12 8 v 24 12 v 24

Cell wall 
structure

Rho2 GTP-binding Yes 0.37 0.79 2.12

Rho4 GTP-binding Yes 2.01 2.38 1.18

GpaA Vegetative growth 2.65 3.41 1.23

GpaB Vegetative growth 3.27 2.66 0.81

ChsE Chitin synthase activator 2.89 3.08 1.06

Gel3 Glucanosyltranferase 2.19 1.39 0.63

Immunity PskP Polyketide synthetase 2.49 2.76 1.11

RodA Conidial hydrophobin 2.43 1.84 0.76

Cat2 Catalase peroxidase 2.64 2.78 1.05

SodA Superoxide dismutase 2.40 1.93 0.8

Mrd2 ABC transporter 0.37 0.63 1.70

Mdr4 ABC transporter 1.98 2.17 1.10



Antifungal Resistance – mdr?

Vfend® Ambisome® Cancidas®

PMIC SMIC
50

SMIC
90

PMIC SMIC
50

SMIC
90

PMIC SMIC
50

SMIC
90

Af293 0.25 16 >256 1.0 0.125 32 0.25 128 >256

YHCF1 0.25 16 >256 1.0 0.125 16 0.25 128 >256

YHCF2 1.0 128 >256 0.25 <0.125 8 0.25 64 >256

YHCF3 0.5 32 >256 1.0 <0.125 32 0.25 64 >256

YHCF4 0.25 16 >256 0.5 1 16 0.25 64 >256



Other Genes of Interest

Class Gene 
name

Function Putative 8 v 12 8 v 24 12 v 24

Other Fos-1 Sensor histidine
kinase-regulator

2.21 1.46 0.67

PkaR cAMP protein kinase 3.35 2.82 0.84

LysF Homoaconitase 2.31 1.84 0.80

Asp F2 Major allergen 3.11 2.70 0.87

SirT Pyridine oxidoreductase Yes 5.03 2.55 0.51

KexB Endoprotease 0.35 0.33 0.94

RasB GTPase 2.21 2.37 1.07



Cell Survival – Ageing

GilT (SirT)
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Cell Cell Communication

Decanoic acid

Dodecanol

Decanol

Tetradecanol

Octanoic acid

Tetradecanoic acid 
(Myrisitc acid)

Dodecanoic acid (Lauric acid)

Fos-1



Conclusions

• Aspergillus can form biofilms

• Complex and recalcitrant to antifungals

• Early phase of biofilm development is 
transcriptionally active
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