CRISPR-Cas9 mutation and characterization of the most overexpressed
transcription factor of swollen state of Aspergillus fumigatus
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INTRODUCTION
Aspergillus fumigatus is the main pathogenic filamentous fungus in the world. Its small conidia are excellently
dispersed in the environment and they can reach even the human respiratory tract. The germination is the
first adaptive process that the fungus must undergone to colonize the environment or infect animals. The A.
fumigatus germination process involves a first step known as swollen and the subsequent hyphae elongation.
At these point conidia must transform the minimum metabolism of the dormant state to an active growth of
the hyphae in order to survive all external stresses. The transcription factors are in charge of directing the
complex metabolism that this implies. The Afu3g08050 gene was the most overexpressed transcription factor
in swollen state and it was selected to carry out a disruption mutant for phenotypical characterization.

OBJECTIVE
Study of the implication of the
Afu3g08050 transcription factor in
fungal biology, virulence and
adaptive process of A. fumigatus.
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Gene selection and disruption. The A.
fumigatus reference strain Af293 was
incubated at 37°C without agitation in
RPMI supplemented with 5% fetal
bovine serum (FBS) for 4.5 and 6
hours to obtain swelling conidia or
early hyphae respectively. Total RNA
was extracted and studied using the
AWAFUGE microarray (Agilent Whole
A. fumigatus Genome Expression 44K
v.1) designed by our research group.
The ∆Afu3g08050 disruption mutant
strain was generated by CRISPR-Cas9
technique. The gene was disrupted in
the initial methionine to suppress its
expression and breaking the open
reading frame with the hygromycin
resistance gene.
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Radial growth. The analysis was
performed using 105 conidia per plate of
Glucose Minimal Medium (GMM) agar at
its standard pH (6.5), acid pH (5) and
alkaline conditions (8). Colony diameter
was measured in two directions and all
assays were performed at least in
triplicate. A) Colony growth at 96 hours. B)
Graphic representation of the colony
diameter at different time points.
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Aspergillus fumigatus
(Af293) protoplasts
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We had significant differences in the
diameter of the colonies after 72 hours of
growth at pHs higher than 6.5. We can see
smaller conidiation surface in the
disruption strain, and reduction of hyphal
density at pH 8 too.
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PCR validation. Four different combination were made
to confirm Hygromicin resistant gene insertion. First
combination confirm HygR insertion and other three
confirm that HygR only affect Afu3g08050 open reading
frame.

Mutant strain ∆Afu3g08050
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The osmotic characterization of the mutant strain was performed seeding a 5 µl drop that
contained 104, 103 or 102 per plate, but in this case the GMM agar used was GMM 1M in NaCl,
GMM 1 M in KCl and GMM 1.2 M in Sorbitol. As we can see in the above images mutant strain
has remarkably more sensitivity to all osmotic stress assayed than WT indicating the
importance of the gene in the osmotic balance.

The characterization of the mutant strain and its response to cell membrane and cell wall stress
compounds, were made using the same number of conidia per plate, in GMM agar plates
supplemented with 0.0125% of SDS or 80 µg/ml of Calcofluor White (CFW) or 80 µg/ml of
Congo Red (CR) respectively. As we can see in the images the ∆Afu3g08050 mutant is very
sensitive to three stresses assayed. The transcription factor maybe is implicated in cell wall and
membrane integrity.

Basification of media

Nitrogen source
We had studied fungal growth in GMM
with different nitrogen source than nitrite:
10 mM ammonia or in absence of
nitrogen. The Afu3g08050 transcription
factor has two homologs: TamA (A.
nidulans) and DAL81 (S. cerevisiae) that are
regulators of nitrogen catabolic process.
The mutation did not affect fungal growth
in ammonium, in contrast with their
homologs that had reduced growth
phenotype. Without nitrogen source, both
strains could grow with conidial nitrogen
reserves, but they were not capable to
conidiate.
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The pH sensitivity analysis was performed using the same number of conidia per plate of
Glucose Minimal Medium (GMM) agar at its standard pH (6.5), acid pH (5) and alkaline
conditions (8). Colony diameter was measured in two directions and all assays were performed
at least in triplicate. As we can see in the images the mutant strain grew worse in all conditions
and most notably in alkalinity. Conidiation was also altered in the disruption mutant due to the
conidia formation occurred later in the mutant than in WT.
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Downes and coworkers demonstrated that TamA is the major determinant of NADP-dependent glutamate dehydrogenase expression, which is a
key enzyme for the assimilation of the ammonium. In ∆TamA mutant strain, the lack of this function provokes a cytosolic accumulation of
ammonium. In relation with this effect, we decided to add a pH indicator to the medium in order to detect an increment in pH caused by the
accumulation of ammonia. In our case, mutant strain did not increased the pH while WT did. There are two options, the mutant strain cannot
produce the alkalinizing agent or maybe there is a lack in the secretion to the media.

CONCLUSIONS
CRISPR/Cas9 is an accurate technique that allowed us to generate the
ΔAfu3g08050 strain using the A. fumigatus genetic background Af-293 with a
great efficiency.
The transcription factor Afu3g08050 could be important to normal growth in
different pHs and when nitrate is the unique nitrogen source. As well for hyphal
density, conidiation, osmotic balance and cell wall and membrane integrity.

