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INTRODUCTION 

Invasive aspergillosis is a severe infectious disease in 

immunodeficient patients, which is mainly caused by 

Aspergillus fumigatus and is lethal unless treated [1].  

Despite the relative success of current antifungal therapies, 

there are some deficiencies with available drugs including 

drug toxicity, drug/drug interactions, drug bioavailability, 

and drug resistance. Unfortunately, there are only a few 

antifungal compounds in clinical development, and some 

failures have been reported [2]. Hence, the introduction of 

new classes of antifungal drugs is urgently required.  

Both classical cell-based screening methods and 

bioinformatics tools have been used for the discovery of 

new potential antifungal drug targets [3-5]. For instance, 

Malekzadeh et al. have used a computer-based comparative 

approach and identified some potential drug targets in A. 

fumigatus [5]. Based on their report, the whole proteome of 

A. fumigatus was screened for fungal-specific targets to 

avoid the human counterparts. Capsule polysaccharide 

synthase 1 (CPS1) homolog (AfuCPS1) has been identified 

as a fungal-specific target with possible enzyme activity 

(Malekzadeh S, personal communication). In the present 

study, we investigated the effect of AfuCPS1 disruption on 

growth physiology of A. fumigatus. In this sense, an 

AfuCPS1 disruptnat strain was generated and characterized. 

The primary analysis of the deletant strain demonstrated a 

non-essential role of the gene in this organism, while a mild 

delay in spore germination was observed. 

MATERIAL AND METHODS 

Strains, plasmids, culture conditions, and fungal 

transformation. A ku80/pyrG deficient strain of A. 

fumigatus AF293 and its parental strain were used in DNA 

and RNA preparations as well as minimum inhibitory 

concentration (MIC) assays. Gene disruption experiment 

was carried out in ku80/pyrG deficient strain. Escherichia 

coli Top10 (Invitrogen, USA) was used as the host in DNA 

recombinant procedures. The pGEM-T Easy cloning system 

(Promega, USA) was applied for cloning of PCR products. 

Fungal strains were grown and maintained on sabouraud 

dextrose agar (SAB) or SAB agar medium containing 

uridine and uracil. Modified Vogel's medium [6] was used 

for the isolation of pyrG
+
 fungal transformants. A standard 

polyethylene glycol-mediated transformation protocol was 

applied for transformation of AfuCPS1 disruption cassette 

into the A. fumigatus protoplasts [7].  
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In a phenotypic analysis of strains, radial growth rates 

were determined by the cultivation of fungal spores 

(10
4
 spores) on the center of SAB and modified Vogel's 

agar plates at 30, 37, and 42°C, followed by the serial 

measurement of colonies diameter for 5 days. For 

germination studies, 210
7
 fresh spores were inoculated in 

1 mL SAB broth medium in 6-well culture plates and 

incubated at 37°C. Germination time was determined by 

microscopic examination of spores hourly, up to 7 h. The 

emergence of germ tubes was selected as a criterion for 

determining the germination time. All experiments were 

carried out in triplicates.  

DNA and RNA manipulations. Fungal DNAs were 

extracted as previously described [8]. Total RNA was 

purified using a commercial kit (Qiagen, RNA easy® Mini 

kit, USA). All basic molecular methods were performed 

according to Sambrook & Russell [9]. For RT-PCR 

reactions, 1 µg total RNA (adjusted with NanoDrop 1000) 

was used in cDNA synthesis reaction (RevertAid™, 

Fermentas, USA). All PCRs were performed in 30 cycles of 

95°C for 1 min, 58°C for 30 s, and 72°C for 30 s. As a 

loading control, a 600 bp actin fragment was amplified 

during RT-PCRs. All PCR primers used in this study are 

listed in table 1. 

 

Table 1. List of primers used in this study 

Primer Sequence 5`>3` Restriction enzyme (Underlined) 

CPS1-F1 CTTAAAACTCCAGCCTAC ----- 

CPS1-R1 GTTCCTCATCCCTGAGTC ---- 

CPS1-UP-F GCGGGCCCCACGTCGGTATCATGCGAGA ApaI 

CPS1-UP-R GAATTCTGTGCAGTCAGATGG EcoRI 

CPS1-DW-F GAATTCTGCCTTGTTCTACGA EcoRI 

CPS1-DW-R CTGCAGTTGGTTCCTCATCC Pst I 

CPS1-rt1 TGTTGAACCCTGTGTCGGTA ---- 

CPS1-rt2 CAACTGACGAAGCTGACCAA ---- 

ACT-F ATGTCACTGTGCAGATTGTC ---- 

ACT-R CGTAGAGGGAGAGAACGGCC ---- 

 

Construction of AfuCPS1 disruption cassette. The 

disruption construct was prepared as described before [10]. 

Briefly, a 2.9-kb genomic fragment containing the entire 

AfuCPS1 coding region with upstream and downstream 

flanking regions was PCR amplified using primers CPS1-

F1 and CPS1-R1 and subsequently cloned into the pGEM-

Teasy vector. From this vector, a 900-bp 5′ flanking region 

of the gene was amplified using primers CPS1-UP-F and 

CPS1-UP-R containing ApaI and EcoRI sites, respectively. 

This fragment was then cloned into the ApaI / EcoRI site of 

the pGEM-Teasy vector. Similarly, primers CPS1-DW-F 

and CPS1-DW-R containing EcoRI and PstI sites were 

used to amplify a 900-bp 3′ flanking region of the gene. 

This fragment was cloned immediately into the downstream 

of the 5` flanking region in EcoRI / PstI site of the latter 

plasmid, and the new plasmid was named as pCPS1-

UP/DW. To generate the final construct, pCPS1_KO, the A. 

fumigatus pyrG gene, was cut out from a previously 

prepared pGEM-pyrG plasmid using EcoRI and cloned into 

EcoRI site of pCPS1-UP/DW (Fig. 1). 

 

Fig. 1. Plasmid map of pCPS1_KO. The position of primers used for amplification of flanking regions of AfuCPS1 and the main 

restriction enzymes used in cloning procedures are shown by the purple and black lines, respectively.  
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Susceptibility testing. A broth microdilution method 

was used to determine MICs, based on CLSI guideline 

M38-A2. Amphotericin B, itraconazole, hygromycin B, 

nystatin, calcofluor white, and voriconazole were used in 

susceptibility assays in a concentration range of 0-200 

µgmL
-1

. MICs were measured after 24 h for the parental 

strain and AfuCPS1 mutant. 

 

RESULTS 

Sequence analysis of CPS1 homolog (AfuCPS1) in A. 

fumigatus. Based on an in silico comparative study, the 

CPS1 gene homolog was identified in A. fumigatus with an 

accession number of AFUA_8G02320 (Malekzadeh S, 

personal communication). This gene contains 1809 base 

pairs and is located on chromosome 8 (nucleotides 620482 - 

622290), and the encoded product is a 602 amino-acid long 

protein. As a putative glycosyltransferase (GT), the protein 

sequence was searched in Pfam database 

(http://pfam.xfam.org/), and a GT motif related to the 

family 2 of GTs was predicted to be located at amino acids 

106-352. To check whether CPS1 is a membrane-bound 

protein, the amino acid sequence of the protein was 

examined by online software TMPred 

(http://www.ch.embnet.org/software/TMPRED_form.html) 

for the presence of any transmembrane spanning regions, 

and the results predicted 5 transmembrane helices. Also, the 

prediction of the signal peptide was performed using 

signalP3.0 Server (http://www.cbs.dtu.dk/services/SignalP-

3.0/), and a signal peptide with a possible cleavage site 

between amino acids 15 and 16 was predicted. 

RT-PCR analysis of RNA samples from different time 

points of fungal growth showed the presence of AfuCPS1 

transcripts during the whole life cycle of the fungus (Fig. 2). 

Disruption of AfuCPS1 in A. fumigatus. An 

approximately 3.8-kb disruption fragment containing 5` and 

3` flanking regions of AfuCPS1 spanning the pyrG marker 

was PCR amplified using pCPS1_KO plasmid, as the 

template, as well as CPS1-UP-F and CPS1-DW-R primers. 

Subsequently, the PCR product was used in the 

transformation of A. fumigatus AF293 ku80
-
/pyrG

-
 strain. 

The positive transformants were selected on Vogel's 

minimum medium lacking uracil and screened by PCR to 

find any AfuCPS1 disruptant strain. Considering the high 

frequency of homologous recombination in a Δku80 strain 

of A. fumigatus [11], five transformants were screened by 

PCR using primers CPS1-UP-F and CPS1-DW-R. In 2 out 

of 5 transformants, a PCR product of ~3800 bp was 

obtained,  confirming the amplification of the replacement 

locus instead of wild-type locus (~2900 bp product). These 

results indicated that AfuCPS1 in these two transformants 

was disrupted (Fig. 3). 

 

  
Fig. 2. RT-PCR analysis of AfuCPS1 in A. fumigatus. Lane 1, RT 

PCR product (~270 bp) of AfuCPS1 mRNA from A. fumigatus 

grown in SAB medium after 16 h; lane 2, after 8 h; lane 3, after 4 

h; lane 4, RT-PCR product of actin transcript (~600 bp); lane 5, 

DNA size marker (1 kb DNA ladder, Thermo Scientific) 

Fig. 3. PCR screening of A. fumigatus transformants genomic 

DNA using CPS1-UP-F and CPS1-DW-R primers. Lanes 1, 2, 3, 

AfuCPS1 wild type locus amplified as an ~2.9 kb fragment in 3 

transformants; lanes 4 and 5, the disrupted locus amplified as an 

~3.8 kb fragment; lane 6, DNA size marker (1 kb DNA Ladder, 

Thermo Scientific); lanes 7 and 8, show amplification products of 

the plasmids containing the native gene and disruption construct, 

respectively. 

One AfuCPS1 disruptant strain was selected and further 

analyzed. RT-PCR analysis of this strain showed the lack of 

AfuCPS1 transcripts, indicating the inactivation of the gene. 

In phenotypic examinations, the colony appearance and 

sporulation in the mutant strain were intact, and the radial 

growth rates of the mutant at different temperatures were 

similar to the wild-type strain (data not shown).  

In susceptibility testing, the sensitivity of AfuCPS1 

disruptant to a range of known antifungal compounds was 

assessed, and the results showed no difference between the 

mutant and parental strain (Table 2). 

In germination studies, the wild-type spores started to swell 

after 4 h at 37°C. The first sign of germ tube emergence 

appeared after 5 h in more than 90% of spores, and the 
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completion of germination occurred after 7 h. After this 

time, almost 70% of parental spores showed a long 

germination tube. However, in AfuCPS1 disruptant strain, 

after 5 h, only 20% of mutant spores swelled, and after 6 h, 

only 30% of spores showed the emergence of germination 

tube. Overall, the complete germination of mutant spores 

delayed by 4 h (Fig. 4). Despite the observed delay in 

germination, the colony growth of mutant was not affected.

 
Table 2. MICs of different antifungal compounds tested on parental and mutant strains (µg/ml) 

Strain 

Drug 

Nystatin Hygromycin B Voriconazole 
Calcofluor 

white 
Amphotericin 

B 
Itraconazole 

A. Fumigatus AF293 25 12.5 <0.1 50 1.56 <0.1 

 AfuCPS1 disruptant 25 12.5 <0.1 50 1.56 <0.1 

 

 

    

Fig. 4. Microscopical examination of germinating spores following cultivation of the wild type and AfuCPS1 disruptant strain in SAB 

broth medium at 37oC. Panel A, wild type spores after 5 h (a), 6 h (b) and 7 h (c, d); panel B, AfuCPS1 disrupted spores after 5 h (a), 6 h 

(b) and 7 h (c, d). 

 

DISCUSSION 

Invasive aspergillosis is estimated to affect nearly 

300,000 people annually. The airborne opportunistic fungus, 

A. fumigatus, is the leading cause of invasive aspergillosis 

with a mortality rate of 30-50% [12]. Voriconazole, as the 

agent of choice, has been used successfully in the treatment 

of invasive aspergillosis. However, several shortcomings 

such as drug toxicity and the emergence of resistant isolates 

have diverted attentions toward the discovery of new 

antifungal drugs [13] [2]. Researchers have used a wide 

variety of methods to discover new drug targets against this 

pathogen. For example, fungal-specific pathways, like 

lysine biosynthetic pathway, branched amino acid 

biosynthetic pathway, and cell wall biogenesis process have 

been the subject of several studies [14] [15] [16]. Recently, 

bioinformatics methods in combination with omics data 

have facilitated the identification of potential targets in 

fungal pathogens [4] [5]. In the present study, we tried to 

elucidate the role of CPS1 homolog in growth physiology 

of A. fumigatus. This potential target has been identified 

through a comparative proteome analysis. The amino acid 

sequence of the encoded protein contains a GT motif  that 

belongs to family 2 of GTs. This family comprises a group 

of enzymes such as cellulose synthase, chitin synthase, 

mannosyltransferase, and glucosyltransferase, which 

mainly are involved in transferring sugar moieties.  Despite 

the existence of sequence homology, the catalytic function 

of family 2 members differs widely [17]. The cell wall of 

fungi is a highly dynamic structure and is under constant 

remodeling during the fungal growth [18]. There are several 

remodeling enzymes including glycoside hydrolases and 

GTs/transglycosylases, which play a critical role in cell 

wall integrity and its dynamic [19]. The deletion studies on 

different cell wall-related transferases have led to different 

outcomes. For instance, while the inactivation of a 

glucanosyltranferase, gel1, did not affect the growth 

phenotype of A. fumigatus, the disruption of its homolog, 

gel2, resulted in growth and conidiation abnormalities [20]. 

In a recent report, Samar et al. [21] have identified and 

disrupted a putative GT, Tft1, in A. fumigatus. The deletion 

of Tft1 did not result in any phenotypic change in deletant 

strain, indicating that the gene is not essential for fungal 
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survival. Similarly, the deletion of AfuCPS1 in our study 

did not lead to any substantial growth defect. However, a 

moderate delay in conidial germination was observed. 

Spore germination is a complex process that is governed by 

various signaling pathways [22]. The cell wall plasticity is a 

key factor in germination process, and the altered activity 

of the remodeling enzymes may affect this process [23] 

[24]. Although we did not investigate the function of 

AfuCPS1 protein experimentally, based on the sequence 

annotation data, we hypothesized that this protein might be 

involved in cell wall remodeling directly or indirectly. 

Accordingly, the disruption of the gene can cause a delay in 

conidial germination as a result of altered remodeling 

process. Further detailed studies are required to elucidate 

the exact function of AfuCPS1 in A. fumigatus. 

In conclusion, our finding showed that the CPS1 

homolog in A. fumigatus is a non-essential gene, but its 

disruption affects the germination process moderately.  

Although this gene cannot be considered as an appropriate 

drug target, the clarification of AfuCPS1 function may 

contribute to the better understanding of cell wall 

biogenesis. 
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