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ABSTRACT. Invasive aspergillosis is a disease responsible for high
mortality rates, caused mainly by Aspergillus fumigatus. The available
drugs are limited and this disease continues to occur at an unacceptable
frequency. Gene disruption is essential in the search for new drug targets.
An efficient protocol for A. fumigatus gene disruption was described
but it requires ethidium bromide, a genotoxic agent, for DNA staining.
Therefore, the present study tested SYBR safe™, a non-genotoxic DNA
stain, in A. fumigatus gene disruption protocol. The chosen gene was
cipC, which has already been disrupted successfully in our laboratory.
A deletion cassette was constructed in Saccharomyces cerevisiae and
used in 4. fumigatus transformation. There was no statistical difference
between the tested DNA stains. The success rate of S. cerevisiae
transformation was 63.3% for ethidium bromide and 70% for SYBR
safe™. For A. fumigatus gene disruption, the success rate for ethidium
bromide was 100 and 97% for SYBR safe™. In conclusion, SYBR
safe™ efficiently replaced ethidium bromide, making this dye a safe and
efficient alternative for DNA staining in A. fumigatus gene disruption.
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INTRODUCTION

The incidence of invasive fungal infections has increased in the last decades due to
the increased number of immunocompromised patients (Brown and Goldman, 2016; Lee and
Sheppard, 2016). These patients are frequently affected by invasive aspergillosis, a disease
that can reach 30 to 100% of mortality and is mainly caused by Aspergillus fumigatus (Pfaller
and Diekema, 2010; Steinbach et al., 2012; Steinmann et al., 2015; Lee and Sheppard, 2016).

The current available antifungal drugs for aspergillosis treatment are limited (Brown
and Goldman, 2016). Therefore, the discovery of new antifungal targets is necessary and the
study of gene function in this fungus contributes to elucidate the pathogenesis mechanisms
(Malavazi and Goldman, 2012; Lamoth et al., 2016).

An efficient protocol for A. fumigatus gene disruption described previously requires
separation and purification of amplicons (Malavazi and Goldman, 2012). DNA fragment
staining is usually performed using ethidium bromide, which is known for its mutagenicity
(Singer et al., 1999; Martineau et al., 2008).

The present study tested a safer DNA stain, SYBR safe™, as a replacement for
ethidium bromide in A. fumigatus gene disruption protocol (Malavazi and Goldman, 2012).

MATERIAL AND METHODS
Aspergillus fumigatus gene disruption

The gene chosen to be disrupted was cipC (AFUA_5G09330), which was disrupted
successfully in our laboratory (Canela et al., 2017). The used strains included A. fumigatus
mutant DcipC, its wild-type, DakuB*** (Ferreira et al., 20006), and Saccharomyces cerevisiae
FGSC9721 (Winston et al., 1995).

For DcipC strain construction, DNA manipulations were performed as described
previously (Sambrook and Russell, 2001). Polymerase chain reaction (PCR) strategy and in
vivo recombination in S. cerevisiae were used to produce a cipC gene deletion cassette for A.
fumigatus (Malavazi and Goldman, 2012).

Briefly, 2-kb regions on either side of the open reading frames (ORFs) were selected
for primer design. The primers cipC 5'Fw and cipC 5'Rev were used to amplify the 5'-UTR
flanking region of cipC ORF; cipC 3'Fw and cipC 3'Rev were used to amplify the 3'-UTR
flanking region (Table 1). Both fragments were amplified from genomic DNA of DakuBX'%,
The pyrG gene was used as an auxotrophic marker to delete the 4. fumigatus cipC gene and
was amplified from the pCDA21 plasmid (Chaveroche et al., 2000) using pyrG Fw and pyrG
Rev primers (Table 1). PCRs were performed using High Fidelity PCR Enzyme mix.

The cipC 5'Fw and cipC 3'Rev primers presented cohesive ends (bold letters) with the
pRS426 vector, which was double digested with £coRI and BamHI for linearization. PCR products
and the digested vector were separated by electrophoresis, stained with ethidium bromide or SYBR
safe™ (Invitrogen, Carlsbad, CA, USA) and purified using a Quiaquick PCR cleanup kit.

The purified products were transformed into S. cerevisiae (Malavazi and Goldman,
2012). The DNA of the yeast candidates was extracted and transformation was confirmed
by PCR using pyrG Fw and pyrG Rev primers and Taq DNA Polymerase. In the in vivo
S. cerevisiae recombination, three replicates of each DNA stain were performed and 10
candidates of each replicate were tested.
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Table 1. Primers used in this study.

Primers Sequence (5'-3")

cipC 5'Fw GTAACGCCAGGGTTTTCCCAGTCACGACGGATAGCATGGCAGAGGTTCT
cipC 5'Rev GTGCCTCCTCTCAGACAGAATTTTGAGTTGATCTGGTGAAATC

cipC 3'Fw GAGCATTGTTTGAGGCGAATTCGACGGCTAGACAACATGTAC

cipC 3'Rev GCGGATAACAATTTCACACAGGAAACAGCATTGTGTCTGCTGAGGGCG
cipC ORF Fw ATGGCTTGGGGCTGGG

cipC ORF Rev TTACCAACGGTCGACAGGGC

cipC 2.2 5'Fw ACTGTGAGGTTGGTGGGGA

pyrG Fw ATTCTGTCTGAGAGGAGGCA

pyrG Rev AATTCGCCTCAAACAATGCTC

Bold letters mean cohesive ends with the vector pRS426.

The deletion cassette was amplified from the DNA of the confirmed candidates using
High Fidelity Takara Ex Taq™ (Takara Biotechnology, Otsu, Shiga, Japan) and cipC 5'Fw and
cipC 3'Rev primers. Two mutants of each DNA stain were selected to amplify the deletion
cassette.

After reaction, the PCR products were separated by electrophoresis using 1% agarose
gel, stained with ethidium bromide or SYBR safe™, and purified using a Quiaquick PCR
cleanup Kkit.

Aspergillus fumigatus transformation was performed according to that previously
described and candidates were selected by their ability to grow on selective YAG medium
containing 0.6 M KCI as osmotic stabilizer (Malavazi and Goldman, 2012). Confirmation of
gene disruption was achieved by three different PCRs: by comparing the size of the amplicon
generated by the mutant strain with that generated by the wild-type strain using cipC 5'Fw
and cipC 3'Rev primers; by the absence of amplification in the mutant strain using cipC ORF
Fw and cipC ORF Rev primers (Table 1), which amplify the cipC gene only in the wild-type
strain; and using cipC 2.2 5'Fw and pyrG Rev primers (Table 1), which amplify a fragment of
4.1 kb only in the mutant strain, if the deletion was effective. The reactions for gene deletion
confirmation were performed using Taq DNA Polymerase. For A. fumigatus transformation,
three replicates of each DNA stain were performed.

Ethidium bromide DNA staining

The agarose gel was stained after the electrophoresis using a solution of 0.5 pg/mL
ethidium bromide, for 30 min and visualized under UV illumination.

SYBR safe™ DNA staining

SYBR safe™ was incorporated on agarose gel at 1 X concentration; the electrophoresis
was performed and the gel was visualized under blue light transilluminator.

Statistical analysis

The results were evaluated by chi-square or Fisher exact tests using GraphPad Prism
version 5. Values of P < 0.05 were considered statistically significant.
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RESULTS AND DISCUSSION

In the in vivo S. cerevisiae recombination, there was no statistical difference between
DNA stains. The results are shown in Table 2.

In A. fumigatus gene disruption, 31 candidates were obtained for SYBR safe™ and 18
for ethidium bromide (Table 2). SYBR safe proved to be as efficient as ethidium bromide; the
deletion success of the SYBR safe™ DNA stain was not significantly different to the ethidium
bromide (P <0.0001).

Table 2. Success rate of Saccharomyces cerevisiae and Aspergillus fumigatus transformations using different
DNA stains.

Transformation DNA stain Confirmed candidates/total Success rate (%)

S. cerevisiae Ethidium bromide 19/30 63.3
SYBR safe™ 21/30 70

A. fumigatus Ethidium bromide 18/18 100
SYBR safe™ 30/31 97

DNA staining plays an essential role in molecular biology. Ethidium bromide is the
most common stain used for nucleic acid detection on electrophoretic gels. This dye emits
fluorescence when intercalated into DNA bases of nucleic acids and can interfere in both
DNA and RNA synthesis (Singer et al., 1999; Ohta et al., 2001; Martineau et al., 2008;
Haines et al., 2015). Ethidium bromide is classified as a strong mutagen and is genotoxic
at the typical concentration for gel staining (Schagat and Hendricksen, 2013; Haines et al.,
2015). Moreover, this stain requires special waste treatment, consequently increasing costs for
laboratories (Martineau et al., 2008). Finally, ethidium bromide needs to be visualized under
UV illumination, which can damage the DNA (Griindemann and Schomig, 1996; Martineau
et al., 2008).

Other DNA stains were developed to be less hazardous to the handlers. SYBR safe™,
a DNA stain developed by Invitrogen, is classified as non-genotoxic, non-mutagenic, and non-
hazardous (Martineau et al., 2008; Evenson et al., 2012). This stain interacts with the DNA
grooves instead of intercalating the DNA double stranded (Haines et al., 2015). Moreover,
SYBR safe™ can be visualized under a blue light transilluminator, which does not damage the
DNA (Martineau et al., 2008).

Due to mutagenicity, protocols have been tested with different and safer combinations
to substitute ethidium bromide. Martineau et al. (2008) showed that SYBR safe™ can replace
ethidium bromide in cesium chloride density gradients.

This study provides new support to ethidium bromide substitution, and SYBR safe™
successfully played this role. This substitution makes the 4. fumigatus gene disruption protocol
safer and less hazardous to the environment. Alternative approaches like this presented here
are novel and certainly exert a high impact in the discovery of new treatment protocols for
aspergillosis.

Conflicts of interest

The authors declare no conflict of interest.

Genetics and Molecular Research 16 (1): gmr16019583



Safer Aspergillus fumigatus gene disruption 5

ACKNOWLEDGMENTS

We would like to thank Fundacdo de Amparo a Pesquisa do Estado de Sdo Paulo
(FAPESP #08/06493-0), Brazil, for providing financial support.

REFERENCES

Brown NA and Goldman GH (2016). The contribution of Aspergillus fumigatus stress responses to virulence and antifungal
resistance. J. Microbiol. 54: 243-253. http://dx.doi.org/10.1007/s12275-016-5510-4

Canela HMS, Takami LA and da Silva Ferreira ME (2017). cipC is important for Aspergillus fumigatus virulence. APMIS
125: 141-147.

Chaveroche MK, Ghigo JM and d’Enfert C (2000). A rapid method for efficient gene replacement in the filamentous
fungus Aspergillus nidulans. Nucleic Acids Res. 28: E97. http://dx.doi.org/10.1093/nar/28.22.¢97

Evenson WE, Boden LM, Muzikar KA and O’Leary DJ (2012). H and ,,C NMR assignments for the cyanine dyes SYBR
Safe and thiazole orange. J. Org. Chem. 77: 10967-10971. http://dx.doi.org/10.1021/j03021659

Ferreira MES, Kress MR, Savoldi M, Goldman MHS, et al. (2006). The akuB*"** mutant deficient for nonhomologous
end joining is a powerful tool for analyzing pathogenicity in Aspergillus fumigatus. Eukaryot. Cell 75: 1372-1388.

Griindemann D and Schomig E (1996). Protection of DNA during preparative agarose gel electrophoresis against damage
induced by ultraviolet light. Biotechniques 21: 898-903.

Haines AM, Tobe SS, Kobus HJ and Linacre A (2015). Properties of nucleic acid staining dyes used in gel electrophoresis.
Electrophoresis 36: 941-944. http://dx.doi.org/10.1002/elps.201400496

Lamoth F, Juvvadi PR and Steinbach WJ (2016). Editorial: Advances in Aspergillus fumigatus Pathobiology. Front.
Microbiol. 7: 43. http://dx.doi.org/10.3389/fmicb.2016.00043

Lee MJ and Sheppard DC (2016). Recent advances in the understanding of the Aspergillus fumigatus cell wall. J.
Microbiol. 54: 232-242. http://dx.doi.org/10.1007/s12275-016-6045-4

Malavazi I and Goldman GH (2012). Gene disruption in Aspergillus fumigatus using a PCR-based strategy and in vivo
recombination in yeast. Methods Mol. Biol. 845: 99-118. http://dx.doi.org/10.1007/978-1-61779-539-8 7

Martineau C, Whyte LG and Greer CW (2008). Development of a SYBR safe technique for the sensitive detection of DNA
in cesium chloride density gradients for stable isotope probing assays. J. Microbiol. Methods 73: 199-202. http:/
dx.doi.org/10.1016/j.mimet.2008.01.016

Ohta T, Tokishita S and Yamagata H (2001). Ethidium bromide and SYBR Green I enhance the genotoxicity of
UV-irradiation and chemical mutagens in E. coli. Mutat. Res. 492: 91-97. http://dx.doi.org/10.1016/S1383-
5718(01)00155-3

Pfaller MA and Diekema DJ (2010). Epidemiology of invasive mycoses in North America. Crit. Rev. Microbiol. 36: 1-53.
http://dx.doi.org/10.3109/10408410903241444

Sambrook J and Russell DW (2001). Molecular Cloning: A laboratory Manual. Cold Spring Harbor Laboratory Press,
New York.

Schagat T and Hendricksen A (2013). Diamond™ Nucleic Acid Dye is a Safe and Economical Alternative to Ethidium
Bromide.

Singer VL, Lawlor TE and Yue S (1999). Comparison of SYBR Green I nucleic acid gel stain mutagenicity and ethidium
bromide mutagenicity in the Sa/monella mammalian microsome reverse mutation assay (Ames test). Mutant Res.
439: 37-47.

Steinbach WJ, Marr KA, Anaissie EJ, Azie N, et al. (2012). Clinical epidemiology of 960 patients with invasive
aspergillosis from the PATH Alliance registry. J. Infect. 65: 453-464. http://dx.doi.org/10.1016/1.jinf.2012.08.003

Steinmann J, Hamprecht A, Vehreschild MJ, Cornely OA, et al. (2015). Emergence of azole-resistant invasive aspergillosis
in HSCT recipients in Germany. J. Antimicrob. Chemother. 70: 1522-1526. http://dx.doi.org/10.1093/jac/dku566

Winston F, Dollard C and Ricupero-Hovasse SL (1995). Construction of a set of convenient Saccharomyces cerevisiae
strains that are isogenic to S288C. Yeast 11: 53-55. http://dx.doi.org/10.1002/yea.320110107

Genetics and Molecular Research 16 (1): gmr16019583



