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Thirty eight members of the consortium gathered at the Giens VVF (France). 

 
 

The first annual meeting took place in Giens, south of France. Thirty eight members of the 
consortium, including senior and junior scientists from each of the eighteen partner 
laboratories, met to discuss their experience and results about transcriptomic analysis and 
genomic tools recently developed. 
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Thursday September 18th, 2008  
Arrival in Giens  

Day 1-  Friday September 19th, 2008 
 Introduction Jean-Paul Latgé 
 ESF Presentation Thomas Brühn  

A.  Microarrays 
 The Toulouse experience Véronique Le Berre 
 Transcriptional consequences of cytoplasmatic 

calcium spiking and basis of alkaline adaptation: 
the JCVI (TIGR) and TOULOUSE experiences 

Omar Loss 

 The identification of the A.fumigatus SREA 
regulon by microarray analysis 

Hubertus Haas 

 The Spanish experience Sara Alvarez 
 The German experience Volker Schroeckh 

Marc Seidler 
 The Scottish experience 

‘Development of an in vitro model of 
Aspergillosis’ 

Eilidh Mowat 

 The Irish experiences Jim Morrissey  
Oliver Morton 

 The French experience Anne Beauvais 
Emilie Frealle 

The List of “To Do” to validate/use Toulouse microarrays 
 Oligo Design  All 
 Spotting All 
 RNA extraction protocols All 
 Hybridization protocols All 
 Experiment design All 
 Reading slides All 
 Data storage All 
 Conclusion All 
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After a brief introduction by the coordinator of the consortium, Pr. Latgé, Science Officer Dr. 
Brühn introduced European Science Foundation and the pillars of ESF activity (Figure1). He 
presented also a portfolio of activities of the European Medical Research Councils. 
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Figure 1 : Pillars of ESF Activity. 

 
 
A. Microarrays – transcriptomic analysis 
 
 
1. Biochip (Toulouse experience) 
 
The Toulouse Genopole has built up the AF genechip “Biochip” that covers about 9600 Open 
Reading Frames from genome of strain AF293, sequenced by JCVI (TIGR). Evaluation of the 
performances of A. fumigatus Biochip microarray compared to JCVI microarray was initiated 
in response to difficulties encountered by some of the partners while performing 
transcriptomic analysis. The Toulouse Genopole platform is equipped with spotter machine 
for production of DNA chips, with Affimetrix machinery, Agilent 2100 system to check RNA 
quality, a hybridizing automate, a high resolution scanner and the Genepix software to 
analyse images (Figure 2). DNA Biochips from Toulouse bear 9.588 oligos of 50 bp length 
designed by the ROSO software, whereas the JCVI chips are made with 70 bp oligos for 
9.654 genes. Toulouse biochip sequences match well with cDNA (93%) and genomic DNA 
(87%). For the technical validation three steps were followed: 1) total RNA of several 
samples (different origins) were pooled, 2) labelled with Cy3 and Cy5 dyes and 3) co-
hybridized on the same slide for each type of microarray. On both chips, more than 92% of 
the spots were visible with respect of gene intensity, experiments were reproducible with 
slight gene-dye effect and targeted genes intersection included 8.967 genes for both chips. 
Biochip and JCVI chip at least gave similar responses, suggesting they were equally 
appropriate for biological validation.  
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Aspergillus fumigatus gene chips V1.0  
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Figure 2 : Equipment and flowchart of the Biochips processing in Toulouse  
 
2. From RNA extraction to slide preparation 
 
A high variation between experimental conditions was seen for RNA extraction, labelling and 
hybridization among the different laboratories. RNA extraction was done either by using 
phenol procedure (partner 11), Trizol (partner 1 and 16), which seemed to produce less DNA 
contaminations, RiboPure Yeast kit (Applied Bioscience; partner 3 and 6) or MasterPure 
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(Epicentre; partner 3). Protocols which include a column purification step, such as the 
Quiagen column, allow minimal DNA contamination. Quality was controlled by Nanodrop 
measurement followed by Bioanalyser (Agilent). Labelling was performed by using a kit such 
as Amersham CyScribe or Chipshot kit Promega. Cy3 and Cy5 are mainly used through a 
“dye swap design”. Finally labelled DNAs are hybridized on the slides at either 42 or 45 °C.  
 
3. Transcriptomic analysis on microarrays from Toulouse Genopole and JCVI 
 
Omar Loss from Imperial College London (partner 11) has given the first example of 
biological comparison between the JCVI and the Toulouse experience, by analysing 
transcriptomal consequences of cytoplasmic calcium spiking and alkaline pH. Calcium 
signalling is one of the key pathways to the versatility of A. fumigatus to adapt to different 
environmental conditions. A. fumigatus was grown in liquid minimal medium (MM) pH 5.0 
for 14h and mycelia was then shifted to MM containing calcium chloride and/or pH 8.0. 
RNAs were extracted by using the phenol procedure. Transcriptomic analysis of the 
regulation process was performed on the Biochip in parallel with the JCVI chips at various 
times after calcium addition, until 60 min. Calcium effect happens shortly after addition (10 
min), in contrast pH effect is seen after 1h. Different results could be observed; more genes 
were found to be down or up regulated with JCVI chip compared to Biochips (Figure 3).  
 

Results

Differentially expressed genes (log2
>/< 1)

Differentially expressed genes (log2 >/< 1)

13/112/2pH 8.0

41/1258/55CaCl2

T30T5

618/460495/215441/134200/3889/219pH 8.0

55/25106/25139/24275/90151/152CaCl2

T60T45T30T15T5

Biochips JCVI

• For CaCl2, 19 and 9 genes were conserved 
through the entire time course
• For pH 8.0, 13 and 11 genes were 
conserved through the entire time course

• For CaCl2, 26 and 8 genes were 
conserved through the entire time 
course
• For pH 8.0, 0 and 2 genes were 
conserved through the entire time 
course 

Overlap between the two experiments
T5 T30

58 CaCl2

T5 T30

pH8.0151 41 139 2 89 13 4414 5 0 3

 
 
Figure 3: Genomic response of A fumigatus following cytoplasmic calcium spiking at pH 8.0 
and comparison of the results obtained with the Biochip (Toulouse) and the JCVI (TIGR) 
method. More genes were found to be differentially expressed with JCVI. 
 
Very few common genes were observed from one chip to the other and some genes presented 
opposite regulations. JCVI results were validated by QRT-PCR and correlated well (65%) 
with a previous study published by Goldman and colleagues (Molecular Microbiology, 2008, 
67, 1274–1291). On the contrary Biochip results, obtained with a different experimental 
design, could not be validated by QRT-PCR. 
Collaboration between partner 1 (Institut Pasteur - Paris) and partner 4 (Complutense 
University –Madrid) was undertaken to analyse gene expression during growth in shaken 
conditions versus static agar conditions. RNAs were extracted by using Trizol (Invitrogen 
manufacturer protocol slightly modified), and controlled with Agilent bioanalyser, labelled 
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and hybridized, either in Toulouse or in Madrid. Acquisition of the image was performed with 
GenePix microarray scanner. 497 and 550 genes were induced on Biochip in Toulouse and in 
Madrid respectively, this may be due to a low labelling efficiency with Cy3 and Cy5 (Table 
1). In addition, overlapping of the genes was too limited (80 genes were found in common). 
Despite a purification step of the RNAs, labelling efficiency was low (less with A. fumigatus 
than with S. cerevisiae). To go further on gene expression analysis a better way of labelling 
has to be used.  
 

4opposite
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Gene number 497 550

Genes in common 80

Upregulated 314 (ratio : ≤ 9) 292 (ratio : ≤ 146)

Upregulated in common 47

Repressed 182 (ratio : ≥ 0.0244) 257 (ratio : ≥ 0.0164)
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49 (27 upregulated + 22 repressed)
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Table 1 : Gene expression of A fumigatus during growth in shaken conditions versus static 
agar conditions and comparison of the results obtained with the Biochip in Toulouse and in 

Madrid. 
 
Gene expression during biofilm formation was investigated after 12h versus 8h and 24h 
versus 12h of culture by using the Biochip (partner 16). RNAs were extracted with the Trizol 
method and checked by Agilent analyser. During the first step, from 8h-12h, mainly 
metabolism related genes were up regulated, while biogenesis genes were most differentially 
regulated during 12h-24h (Figure 5). Thirty genes only were specific for the 12h-24h period. 
17 differentially expressed genes on microarrays could be validated by QRT-PCR. 
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Figure 5: Gene expression analysis by using the Biochip during biofilm formation after 12h 

versus 8h and 24h versus 12h of culture. 
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Partner 18 has investigated the development of biofilm on bronchial epithelial cells. 
Transcriptomic analysis of the genes, as well as 2D gel electrophoresis followed by MALDI-
MS analysis were performed to elucidate proteins involved in biofilm formation after 48h 
culture versus 24h culture. Following static culture (biofilm formed) 614 and 259 genes were 
found to be up-regulated by using Biochip and JCVI and 95 genes only were common to both 
experiments. Although most of the genes have not been identified and matched with 
proteomic analysis, JCVI results of induced genes fitted well with the 2D gel results (7 genes 
out of 9 were found to be up-regulated with JCVI and 2D gel electrophoresis method). On the 
contrary, there was no correlation with Biochip transcriptomic results.  
 
By using Toulouse Biochip, secondary metabolite production or low oxygen condition effects 
on gene expression (for example co-culture with bacteria) were investigated by partner 3 
(Hans-Knoell Institute – Jena), who has good expertise in Aspergillus nidulans arrays. 
Extraction of the RNAs was done by using RiboPure Yeast kit (Applied Bioscience) or 
MasterPure Yeast kit (Epicentre). After quality control by the Nanodrop and Bioanalyser 
(Agilent), cDNA were amplified, labelled with Cy dyes and further hybridized at 45°C. 
GenePix microarray scanner was also used for image acquisition. Proteomic analysis of the 
same samples showed a difference in expression of a higher number of proteins (101 proteins 
were differentially expressed), suggesting a lower sensitivity for the transcriptomic method.  
 
Transcriptomic analysis was used to look for genes differentially expressed at different time 
periods after exposure to granulocytes (partner 6). RNA were extracted by RiboPure kit in 
Trinity College - Dublin and sent to Toulouse, where they were further processed. Results are 
still in processing phase. 
 
Biochip (Toulouse) was used to analyse gene expression during nitrogen starvation and 
inhibition of TORC1 (Target of Rapamycin Complex 1). TORC1 plays a central role in 
mediating cellular response to nutrient availability and has a prominent role in cell growth and 
proliferation. RNA were extracted at the University College of Cork (partner 5) and sent to 
Toulouse for further processing (conversion to cDNA and hybridization). They obtained a 
good quality signal. 111 genes were up regulated and 104 genes were down regulated during 
nitrogen starvation (Ammonium versus Urea). 57 genes were up regulated and 32 genes were 
down regulated when TORC1 pathway was inhibited by Rapamycin. Results were validated 
on ten genes by semi quantitative RT-PCR. Some expected genes, such as nitrogen transport 
associated genes, were not seen in this analysis, while MEPA and GAP1 genes were 
expressed differently like in S. cerevisiae. In this study, hybridization signals observed were 
less intense in A. fumigatus compared to S. cerevisiae and changes in levels of gene 
expression are lower in A. fumigatus than in S. cerevisiae. 
 
Oxidative stress is important during early phases of infection in the macrophage and the 
neutrophil (partner 12). An oxidative stress was simulated by addition of menadione 
(0.08mM) at 37°C for 30 min and transcriptomic analysis was performed in Toulouse with the 
Biochip. Results showed induction of 69 genes, 33 genes were down regulated, 36 genes were 
up regulated (genes involved in transport, gene expression regulation, oxidative stress, cell 
wall biogenesis, cellular lipid metabolic process, acetyl-CoA metabolic process). 
Surprisingly, SOD genes, which are known to be associated to oxidative stress regulation, 
were not modulated. However, results were not checked by QRT-PCR. 
 
Hubertus Haas and colleagues (partner 14) made use of JCVI microarray analysis to study 
genes involved in iron regulation in a A. fumigatus mutant that exhibits altered siderophore 
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biosynthesis (∆sreA). Siderophores are molecules that allow iron transport and their 
biosynthesis is important for virulence. Transcriptomic experiments showed 8 clusters, among 
which 7 were belonging to iron regulatory system and siderophore biosynthesis. In addition, 
gene expression was validated on six genes by northern blot analysis.  
 
4. Achievements and perspectives 
 
Table 2 summarise the transcriptome analysis data obtained to date.  
 
Partner # Biochip 

Toulouse 
JCVI Transcriptome results 

P11     Experimental design were different 
Correlation between QRT-PCR and transcriptome was 
good with JCVI, but not with Toulouse, (2x6 genes 
checked) 
Number of differentially expressed genes common to 
both experiments was very low 

P1+4    Hybridisation and analysis of the microarray, 
performed in two different places gave results with 
very low overlapping  
No validation with QRT-PCR 

P16    Very good results, more than 500 genes were showing 
variation of expression 
Validation with QRT-PCR on 7 genes 

P18     More than 500 genes showed varying expression 
Very low overlapping between two arrays 
Validation by 2D-MS was obtained on 7 proteins for 
JCVI chips only 
No QRT-PCR verification  

P3    Lack of correlation with proteome data 
Complaints on the spotting and hybridization data 

P6    Correlation with QRT-PCR has not been analysed yet 
P12    Low number of genes with variation of expression. 

No validation with QRT-PCR 
P14    Results in agreement with iron metabolism 

Good correlation with northern (6 genes checked) 
P5    Nitrogen starvation gave good results 

Validation with QRT-PCR on 10 genes 
 
Table2: First transcriptomic analysis data. 
 
Major problems have been highlighted during the presentations: 1) differences in gene 
expression observed by analysing slides from Toulouse were not correlating with QRT-PCR 
(partner 11, 12 and 18); 2) gene expression changes observed by using Biochips were less 
intense in A. fumigatus compared to S. cerevisiae and changes in gene expression were low 
(partner 1,4, 5 and 15). Results obtained by using JCVI chips seemed better validated by 
QRT-PCR or 2D-gel electrophoresis than Toulouse array data. It has to be pointed out that 
validation has been performed on a very limited number of genes (always less than 10 genes). 
The low level of gene expression suggested a low level of cDNA labelling and/or a possible 
contamination of the RNA with DNA. Experiments that have been performed using Biochip 
and JCVI chip in parallel (partner 1, 3, 4, 11), were achieved with different experimental 
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design, various RNA extraction methods, labelling kits and hybridization conditions, making 
efficient comparison very difficult. As a result, all the participants agreed for the need of 
setting up a very stringent protocol to validate Toulouse biochip. After lengthly and animated 
discussion, a protocol was set up and agreed by all the participants for a final validation of the 
European slides. This validation will include a comparison with the American chip (figure 6). 
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B. Molecular tools – overexpression or silencing of the genes 
 
Recent methodological improvements from partners of our consortium have been made to 
generate knockout mutant strains on a large scale and study essential genes.  
 
1. Large scale gene disruption 
 
Deletion with a resistance cassette is the current way to produce deletion mutants. 
∆Ku70/∆Ku80 strains and the use of PCR fusion have shortened the cloning and 
transformation duration. Hygromycin and phleomycin are dominant antibiotics for 
transformant selection, while glufosinate, nourseothricin, pyrithiamin are less efficient for A. 
fumigatus and auxotrophic markers can affect virulence. Deletion with resistance cassette is 
limited by the number of selection markers, especially when the gene of interest belongs to a 
family, which members display functional redundancy (Figure 7).  
 

Selection Markers in 
Aspergillus fumigatus

Dominant
hph - Hygromycin
ble - Phleomycin
bar - Glufosinate
nat1 - Nourseothricin
ptrA – Pyrithiamine

Auxotrophy
pyrG
argB
lysB
lysF

Counter selection
pyrG Blaster
sC
niaD (possible)
Cre/loxp

 
Figure 7 : Resistance and auxotrophic markers in Aspergillus fumigatus. 

 
Partner 15 has developed a recyclable deletion cassette containing a Cre/loxP system that 
allows successive multiple disruptions. To accomplish excision by site-specific recombination 
at loxP acceptor sites, Cre recombinase is transiently expressed, from a module integrated into 
the autonomously replicating vector, which carries AMA1 and the ptrA marker allele for 
plasmid maintenance in the presence of pyrithiamine. After removal of the deletion cassette, 
the same resistance marker can be reused for another gene deletion (Figure 8).  

 

Making a knockout in a nutshell

trpCt5’ region 3’ region

loxPloxP

pgpdA ble tk

5’ region 3’ regiontarget gene

5’ region 3’ region

loxP

Cre Recombinase (transient expression)

hph tk
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Figure 8: Deletion cassette containing a Cre/loxP system. 
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2. Study of essential genes 
 
Modulation of gene expression through an inducible promoter can be used to study essential 
genes. The endogenous promoter can be replaced with an inducible promoter, such as pNiiA 
(NiiA), pAlc (alcA), pGla (glaA), pAcu (acuD) or pCbh (cbhB) (Figure 9). Thus, the 
expression of the gene is switched off by the addition of a specific nutrient to the growth 
medium. More recently, partner 14 has successfully applied the pXyl (xylP) promoter to A. 
fumigatus to study AfZrfB gene overexpression. They observed a tight repression in glucose 
containing culture medium and induction of the gene expression in the presence of xylose. 
However these promoters are all leaky and no promoter is tight enough to study essential 
genes.  
 

Inducible promoters used in A. fumigatus

promoter organism inducer

alcA A. nidulans ethanol / threonine

acuD A. fumigatus acetate / C2 sources

cbhB A. fumigatus carboxymethylcellulose

glaA A. niger maltose

xylP P. chrysogenum xylose / xylan
 

Figure 9 : Inducible promoters used in A. fumigatus. 
 
Techniques, initially developed to study essential genes in Aspergillus nidulans, were 
presented and the possibility and the feasibility to transpose them to A. fumigatus were 
investigated: 1) AMA1 self replicating vector or gene overexpression, AMA1 library is 
available at The Fungal Genetics Stock Center (FGSC); 2) heterokaryon rescue for essential 
genes, which is facilitated by working in a NHEJ-deficient genetic background, and 3) 
parasexual rescue is performed to prove that a gene is essential (the last one is not useful for 
A. fumigatus because of important deletion during transformation). (Figure 10) 
 

What’s out there in the A. nidulans world?

1. Inducible promoters (i.e alcA, niiA)
(Waring et al. Gene 79:119 1989; Punt et al. Gene 104:119 1991)

2. Selectable markers (auxotrophic, dominant)
(Nayak et al. Genetics 172:1557 2006; Cullen et a. Biotechnology 10:419 1988; Johnstone Microbiol Sc. 2:307 1985)

3. Rapid vector construction (GATEWAY, overlap PCR)
(Toews et al. Curr. Genet. 45:383 2004; Szewczyk et al. Nat Protoc. 1:3111 2006) 

5. Heterokaryon rescue

4. AMA1 self replicating vectors: overexpression library,complementation, 
gene overexpression

6. Parasexual genetics?

 
Figure 10: Transposable genomic tools from A. nidulans to A. fumigatus. 

 
The conclusion of these presentations was that overexpression of genes in A. fumigatus has 
been under looked and may be very useful functional analysis of genes. 
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3. In vivo analysis and medicinal applications 
 
All mutants of A. fumigatus have to be tested in an animal model. The most adapted animal 
model for screening virulence was developed at partner 17 and agreed by all the partners. 
Mice CD1 were immuno-suppressed by injecting cyclophosphamide and cortisone acetate 
followed by intra-nasal inoculation of spores (104 suspended in 30 µl Tween 0.01% saline 
solution). Cell count was checked by plating onto solid medium. Presence of the fungi was 
checked in lung. Then survival was measured (Figure 11). 
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Figure 11: The most adapted animal model for screening virulence 

 
 
Production of recombinant proteins is useful for further characterization of the protein 
structure, analysis of enzymatic activity, antifungal drug/inhibitors testing or antibody 
preparation. Partner 1, who has a good expertise in recombinant protein preparation, has 
presented the Pichia pastoris system. This system allows high quantity and purity of the 
protein produced and was successfully applied to several A. fumigatus antigen and enzymes 
production (Gelp family, Catalase, Dipeptidypeptidase…).  
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C. Impact of the event on the future direction of the field 

level were either started or fastened at this meeting in a very friendly and cooperative 
atmosphere.  
 
Main effort was made to improve the A. fumigatus Biochip from Toulouse. Transcriptomic 
and genomic data on Af, obtained by each partner, will be gathered in a common database. 
Partner 3 has already established a catalogue covering 80% of the proteins and providing 
functional information on Af proteome. A script will be further adapted for all the partners to 
have a quick and easy access to this the database. New genomic solutions were proposed to 
analyse essential genes or multigenic families (recyclable deletion cassette loxP, interest of 
the Gateway system). Proteomic and bioinformatics advancements will be the topic of the 
next scientific meeting. 
 
The question has been asked (but not solved yet) of the necessity to undertake a mass 
disruption program. A preliminary project would be centred on the disruption of specific A. 
fumigatus transcription factors (378 putative transcription factors were found in the genome 
of Af, 47 were specific to Af), in which four partners were interested. 
 
Next meeting will be held in 2009 and focused on Proteomic and Bioinformatics’ tools. 
 
Annexe 

 
Thanks to ESF, 18 European research groups have joined their effort to develop new 
transcriptomic and genomic tools to better understand the establishment of aspergillosis and 
improve the management of Invasive Aspergillosis in patients. The first annual meeting 
offered the opportunity to all participants, especially young scientists, to expose their 
transcriptomic and genomic studies. A major achievement of the meeting was the sharing of 
all protocols, problems and advances in the A. fumigatus science. Collaborations at the EU 

: Participants List 
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