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Abstract     

Gliotoxin is an important virulence factors in Aspergillus fumigatus. The biosynthesis of this mycotoxin is 

regulated and expressed by the presence of gliP genes. This study aimed to identify Aspergillus fumigatus 

isolates in clinical and environmental sources with glip genes using conventional PCR and sequence. To 

achieve this, DNA was isolated from twenty A. fumigatus isolates using commercial kit. The range of the 

DNA extracted was 65-210 ng/μl with a purity of 1.5-1.9. Species identification of the A. fumigatus isolates 

was achieved to a high specificity by using tailored primer. The results showed that all isolates had 

positive results to the primer and all isolates were able to produce gliotoxin. PCR detected the gliotoxin 

genes, glip in five isolates. The five PCR product samples were sent for sequence analysis  and 25 µl (10 

pmol) from the forward primer. The results of all the samples  indicated have a  single band of the 

desired product of gliP gene of A.fumigatus and the samples sent for sequencing related to molecular 

weight 190 bp. 
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 ًهخضان

Gliotoxin ْٕ  فً  سًً يٓىػبيمAspergillus fumigatus ٌُٔظى انخخهٍك انحٍٕي نٓزا انسًٕو انفطشٌت ٌٔؼبش ػُّ ٔجٕد انجٍُبث .

Glip ْذفج ْزِ انذساست إنى انخؼشف ػهى ػضلاث .A. fumigatus  فً انسلالاث انسشٌشٌت ٔانبٍئٍت يغ جٍُبثGlip ببسخخذاوpcr   انخمهٍذي

ببسخخذاو ػذة انخجبسٌت. كبٌ انؼبئذ يٍ  A. fumigatus. نخحمٍك رنك، حى ػضل انحًض انُٕٔي يٍ ػششٌٍ ػٍُت اسسهج نخحهٍم انخسهسم ٔ

إنى  A. fumigatus . حى انخؼشف ػهى الإَٔاع نؼضل1.1-1.6َبَٕغشاو / يٍكشٔنخش يغ َمبء  210-56خخشجت فً َطبق انحًض انُٕٔي انًس

. ٔأظٓشث انُخبئج أٌ خًس Afumiخظٕطٍت ػبنٍت ببسخخذاو ببدء خبص . ٔأظٓشث انُخبئج أٌ جًٍغ انؼضلاث كبَج َخبئج إٌجببٍت ػهى ببدء 

فً جًٍغ انؼضلاث. ٔأظٓشث   Gliotoxin ٔGlip حى انكشف ػٍ ٔجٕد جٍُبث   pcrببسخخذاو  Gliotoxinػضلاث كبَج لبدسة ػهى إَخبج 

انؼٍُبث أسسهج نهخسهسم انًخؼهمت انٕصٌ انجضٌئً  A. fumigatus يٍ  Glipانُخبئج أٌ ػبئذ يٍ يجًٕػت ٔاحذة يٍ انًُخج انًطهٕة يٍ جٍٍ 

bp.  110 حى إسسبل خًست ػٍُبث يٍ انًُخجpcr  نخحهٍم انخسهسم. 

 

  ،انبهًشة، انذَبAspergillus ، gliotoxin انفطش   انذانت:انكهًبث 

Introduction  

The filamentous fungus  A. fumigatus is highly pathogenic and is responsible for approximately 90% of 

allinvasive aspergillosis infections [1] A. fumigatus cause pulmonary clinical forms of Aspergillosis disease 

spatially in immunocompromised patients or those undergoing immunosuppressive therapy prior to organ 

transplantation and may also cause invasive disease, the forms of pulmonary clinical forms are sap rophytic, 

allergic and invasive,  invasive aspergillosis (IA) is the most risky  form of the disease, however, since it 

involves the invasion of viable tissue and may produce a mortality rate of 40–90% in immunosuppressed 

patients [2,3,4 and 5 ]. And [6] found the reasons for the virulence of A. fumigatus virulence to be linked to 

several secondary metabolites produced by  A. fumigatus that play important roles in the pulmonary infection 

process. 

Gliotoxin is a particularly important secondary metabolite of A. fumigatus [7,8], belonging to the chemical types 

of epipolythiodioxopiperazines (ETPs) which have immunosuppressive abilities through :  

  (i) Induction of apoptosis in macrophages and lung epithelial cells, (ii) inhibition of nuclear factor κ-B 

activation, and (iii) inhibition of phagocytosis [7,9]. [10] reported the Gliotoxin (GT) biosynthetic cluster which 
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directs gliotoxin production in the process of A. fumigatus infections via 13 of its genes [11]. Of these, gliP 

induce GT synthesis through catalysing the first biosynthetic step by encoding a non-ribosomal peptide synthase 

[12]. 

The aims of the work presented here were to identify A. fumigatus  and to detect some of the gliotoxin genes 

using specific PCR and identify sequence of peptide synthase gliP.  

  

Matereals and Methods  

Aspergillus fumigatus growth conditions  

Twenty A. fumigatus isolates (obtained from the University of Baghdad/ Department of Biotechnology) were 

used in this study; 10 of them were from clinical and 10 were from environmental source.   

The A. fumigatus cultures were grown in potato dextrose agar (PDA) (Himedia-India) at 37 ˚C for between 

seven and ten days and preserved on Sabouraud  dextrose agar (SDA) (Oxoid-UK).  

The genomic DNA was extracted from the 20 A. fumigatus isolates using commercial kit. ZR Fungal/Bacterial 

DNA MiniPrep™ ,After extraction Namedrop used to determine the purity and concentration of  extracted 

genomic DNA and then integrity was detected by running 0.8% agarose  gel electrophoresis followed by 

staining with ethidium bromide and visualization under UV light [13]. 

key word The concentration and purity of the isolated DNA samples were measured by the NanoDrop 

spectrophotometer before the performance of PCR, for DNA isolated by the commercial kit technique and by 

the manual technique. Nanodrop is highly sensitive and directly provides us with the concentration of DNA, 

A260/A280 ratio, and A260/A230 ratio. 

Primer selection and PCR assay 

Specific sequence primer was used, synthesized by (Korea) in a lyophilized form and were dissolved in sterile 

deionizer distilled water to give a final concentration of (100pmol/μl) as recommended by provider. The primer 

and this sequence is:  

   F   AAACCCCTGTGAATGCAGAC 

   R   CCCCTTGAGATGAAAGGTGA      

PCR amplification was performed in a volume of 25 μl (PCR PreMix (Promega), (final reaction    volume = 25 

μl) carried out with a thermo cycler (Eppendorf-Germany), using the following PCR reaction programme:- 

cycle of 5 min at 94 ˚C for initial strand separation, followed by 40 cycles of 1 min at 94 ˚C for denaturation 

and 45 s at 58 ˚C for annealing and 1 min 72 ˚C for primer extension. Finally, 1 cycle of 10 min at 72 ˚C was 

used for the final extension. This programme was used after optimization of cycling conditions. 

Approximately 7 μl of amplified PCR products were separated by electrophoresis in 1% agarose gels (1X TBE 

buffer. Gel was run horizontally also in 1X TBE buffer). The gels were stained with ethidium bromide; PCR 

products were visualized with a UV transilluminator and then imaged with a gel documentation system. The 

amplified products usually consist of one discrete band and their size was estimated by comparing them with 

the marker DNA ladder (100-2000) bp [14]. Purification and concentration the product by Nanodrop after 

extraction process and send 5 sample to work sequence analysis  

Sequencing and alignment of NCBI   

Five PCR product samples were sent for sequence analysis; and 25 µl (10 pmol) from the forward primer. The 

samples were treated with AB13730XL APPLIED BIOSYSTEMS machine in national instrumentation center 

for environmental management NICM/USA company online at (http://nicem.snu.ac 

.kr/main/?en_skin=index.html). Then analyses by blast in the National Center Biotechnology Information 

(NCBI) online at (http:// www.ncbi.nlm.nih.gov) and BioEdit program to detect polymorphism. 

Results and discussion  

DNA Extraction 

The extraction of genomic DNA was done efficiently using a Reagent Genomic DNA Kit  as show in figure (1) .The 

purity and concentration were measured using the standard method [13]. After end the DNA extraction should 

measurement the concentration and purity of DNA by Nanodrop, the result showed a concentration between )65-210( 

ng/μl with a purity of )1.5-1.9(.                        

http://www.ncbi.nlm.nih.gov/


Journal of Biotechnology Research Center                                                                                           Vol. 12 No.1   2018  

 

33 
 

Fig. (1): Agarose gel electrophoresis of the total genomic DNA for A. fumigates isolates. Fragments were fractionated by 

electrophoresis on a 0.8% agarose gel visualized by U.V. light after staining with ethidium bromide.                   

                                                                     

 PCR analysis 

 Polymerase Chain Reaction (PCR) for identification of gliotxine regulatory gene gliP in clinical and 

environmental A. fumigates isolates. 

Through the use of PCR kit according to the company's instructions the interaction was done in volume 25µl. Taken 

12.5 from Master Mix which consist of MgCl2, dNTPs and Taq polymerase and this was used constant volume for 20 

samples  and complemented materials by optimal condition for gliP primer. 

 After a work several experiments to reach optimal condition for (Initial denaturation and annealing) and this 

condition show that, the temperature has changed through the work of (Gradient PCR) for all samples to select the 

optimal condition, and also the changed in the concentration for DNA template between (1.5-2µl) where is considered 

these two factors from important factors in primer annealing with complement. It has been added 1µl from Forward 

primer (F) 10 Pico mole concentration and same amount from Reverse primer (R), the same concentration and 2µl 

from DNA temple. During the work the temperature was used in PCR steps (95ᵒC) to initial denaturation for (3) 

minutes to one cycle as for annealing temperature has adopted on gradient PCR were used several temperature in 

same time to shorten the time the temperatures were (57,58,59, and 60C) for 0.35 second depending on Garcia (2010) 

which 40 cycle, after two hours the reaction ended and the results deports electrically where have appeared the best 

result at the temperature 58ᵒC. 

Detection of gliotxine regulatory gene gliP in clinical and environmental A. fumigates isolates. 

Polymerase Chain Reaction (PCR) was done for the detection of gliP gene region in 20 isolates of clinical and 

environmental A. fumigatus, all sample show positive for  gliP gene region with PCR  product 190bp, as show in 

figure (2).  

 

Fig. (2): PCR product for gliP primer for DNA samples of A. fumigatus on 1.2% agarose gel visualized by U.V.  

              light after staining with ethidium bromide. M: 100 bp DNA ladder. 
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Figure (1) shows that the genomic DNA of all isolates was recognized and complementary to gliP primer sequence 

and represented by presence of single band in molecular weight 190bp. The PCR yield was sharp intense single band 

of the desired product without primer dimmer. The results of this study demonstrated that gliP primer based PCR 

method had high sensitivity and specificity in detecting gliotoxin regulatory gene  gliP in A. fumigatus isolated from 

clinical and environmental sources. 

The glip gene (regulators gene) is very important in gliotoxin biosynthesis and work hand -in-hand with the enzyme 

that catalyses the first step of this pathway. This enzyme is encoded by the gene gliP and is called the non -ribosomal 

peptide synthetase [9]. Since gliotoxin is known as the non-ribosomal peptide toxin [12]. The presence of this 

important gene is considered to underpin gliotoxin production in the most studied isolates the absence of gliP genes 

leads to the loss of gliotoxin production, as also shown by [9] who reported that deletion of the gliP gene in A. 

fumigatus resulted in abrogation of gliotoxin synthesis . Disruption of the gliP gene resulted in elimination of gliotoxin 

production, confirming the role of gliP in the biosynthesis of gliotoxin [12]. [15] Confirmed that deleting gliP, a 

putative transcription factor located in the gliotoxin gene cluster resulted in the loss of gliotoxin production in vivo 

and in vitro. This loss was associated with the absence of transcription of a biosynthetic gene in the gliotoxin gene 

cluster. 

Gliotoxin is a virulence determinant of A. fumigatus according to [7], who reported that the ΔgliP mutant showed 

reduced virulence in two different mouse strains. [9] Likewise indicted the failure to induce apoptosis in mammalian 

cells, and a reduced ability to inhibit the oxidative burst in human neutrophils in vitro in the deleted gliP isolates. 

  While the absence of gliP genes seems to be strongly associated with loss of gliotoxin production capability [15].        

Wang, D. (2014) [16] Suggested that, through its capacity to export gliotoxin extracellular, glip functions to protect 

the fungus from the harmful effects of extracellular gliotoxin, which strongly suggests that glip also contributes to 

protection from its own produced gliotoxin by constantly exporting the toxin. The disruption of glip caused the fungus 

to be highly susceptible to extracellular gliotoxin. Furthermore, the amount of g liotoxin was reduced, both in 

extracellular and intracellular spaces, which suggests that gliotoxin production was greatly reduced by the glip 

disruption. The glip gene, meanwhile, encoded metal-dependent dipeptidase which is one of the four-enzyme 

cascades that converts glutathione conjugates into transannular disulphide bridges  in the gliotoxin biosynthesis  

pathway [17]. 

Sequencing and alignment of NCBI 

The results shown in Table (1) and Figure (3) indicated that a yield of single band of the desired product of gliP gene 

of A. fumigatus was obtained from 5 samples sent for sequencing related to molecular weight 190b. Five PCR product 

samples were sent for sequence analysis ; of A. fumigatus isolated from clinical and environmental and 25 µl (10 

pmol) from the forward primer.  The result of the sequence analysis was analysed by blast in the National Centre  

Biotechnology Information (NCBI) online at (http:// www.ncbi.nlm.nih.gov) and BioEdit program to detect 

polymorphism and mutation in gliP, found 6 mutations  in the five A.fumigatus isolates between  one transversion 

(refers to the substitution of a (two ring) purine for a (one ring) pyrimidine) and five translation  (a point mutation that 

changes a purine nucleotide to another purine (A↔G) or a pyrimidine nucleotide to another pyrimidine (C ↔ T)) and 

0 deletion nucleotide. 

Showed clinical A.fumigatus isolates 1 and 2 (100%) compatibility as shown in Table (1), and score (252 at 255) and 

expect (7e-63 at 6e-64) respectively with the wild type of gliP gene from Gene Bank as shown in Table (1) and Figure 

(3) and isolated from clinical source. While the clinical A.fumigatus isolate 3 showed (95%) compatibility as shown in 

Table (1), and score (100) and expect (2e-17). 

The environmental A.fumigatus isolates number (12 and 13) showed 99% and 98% compatibility as shown in Table 

(1), and  score (198 at 193) and expect (9e-47at 4e-45)  respectively with the wild type of gliP gene from Gene Bank 

as shown in Table (1) and Figure (3) and isolated from clinical source. With the wild type of gliP gene from Gene 

Bank  .  
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Table (1): Represent type of polymorphism in gliP Gene in clinical and environmental A.fumigatus isolates.  

Ident

ities 

Ex

pec
t 

Scor

e 

Seque

nce ID 

Range 

of 
nucleo

tide 

Nucleo

tide 

Loca

tion 

Type 

of 
substi

tution 

No.Of 

sampe 

100
% 

7e-
63 

252 ID: X
M_745

762.1 

5751 
to 

5886 

 1 

100

% 

6e-

64 

255 ID: X

M_745

762.1 

5749 

to 

5886 

 2 

95% 2e-

17 

100 ID: X

M_745

762.1 

5824 

to 

5886 

T>C 5852 Trans

ition 

3 

A>C 5863 Trans

versio

n 
T>C 5873 Trans

ition 

99% 9e-

47 

198 ID: X

M_745

762.1 

5777 

to 

5886 

C>T 5789 Trans

ition 

12 

98% 4e-

45 

193 ID: X

M_745

762.1 

5777 

to 

5886 

C>T 5789 Trans

ition 

13 

G>A 5865 Trans

ition 

1 

Aspergillus fumigatus Af293 nonribosomal peptide synthase GliP (AFUA_6G09660), partial mRNA 

Sequence ID: XM_745762.1Length: 6408Number of Matches: 1 

 

    Score      Expect Identities Gaps  Strand  

252 bits(136) 7e-63 136/136(100%) 0/136(0%) Plus/Plus 

Query  12    GTCTACGCGTGCAGCGAGCCAGGCAGCCGTCTGCAATTCCATTCCATTCGAGCAGGTCCT  71 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5751  GTCTACGCGTGCAGCGAGCCAGGCAGCCGTCTGCAATTCCATTCCATTCGAGCAGGTCCT  5810 
Query  72    GAACCTCCTCCACCTGCCGCGGACCATCCGGCAACACCCGCTGTTCGAAGCCATGGTCAC  131 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5811  GAACCTCCTCCACCTGCCGCGGACCATCCGGCAACACCCGCTGTTCGAAGCCATGGTCAC  5870 

Query  132   CTTTCATCTCAAGGGG  147 

             |||||||||||||||| 
Sbjct  5871  CTTTCATCTCAAGGGG  5886 

2 

Aspergillus fumigatus Af293 nonribosomal peptide synthase GliP (AFUA_6G09660), partial mRNA 

Sequence ID: XM_745762.1Length: 6408Number of Matches: 1 

Score Expect Identities Gaps Strand 

255 bits(138) 6e-64 138/138(100%) 0/138(0%) Plus/Plus 

Query  10    CAGTCTACGCGTGCAGCGAGCCAGGCAGCCGTCTGCAATTCCATTCCATTCGAGCAGGTC  69 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5749  CAGTCTACGCGTGCAGCGAGCCAGGCAGCCGTCTGCAATTCCATTCCATTCGAGCAGGTC  5808 

Query  70    CTGAACCTCCTCCACCTGCCGCGGACCATCCGGCAACACCCGCTGTTCGAAGCCATGGTC  129 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5809  CTGAACCTCCTCCACCTGCCGCGGACCATCCGGCAACACCCGCTGTTCGAAGCCATGGTC  5868 

 

Query  130   ACCTTTCATCTCAAGGGG  147 

             |||||||||||||||||| 
Sbjct  5869  ACCTTTCATCTCAAGGGG  5886 

3 

Aspergillus fumigatus Af293 nonribosomal peptide synthase GliP (AFUA_6G09660), partial mRNA 

Sequence ID: XM_745762.1Length: 6408Number of Matches: 1 

See 1 more title(s) 

 

https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8SVNMD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8SVNMD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8SVNMD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8Y4A67016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8Y4A67016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8Y4A67016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9CE5AD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9CE5AD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9CE5AD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9W8V77016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9W8V77016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9W8V77016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=EDBT7MF101R
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=EDBT7MF101R
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=EDBT7MF101R
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8SVNMD016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED8Y4A67016
https://www.ncbi.nlm.nih.gov/nucleotide/70992012?report=genbank&log$=nuclalign&blast_rank=1&RID=ED9CE5AD016
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Related Information 

Gene-associated gene details 

Map Viewer-aligned genomic context 

Range 1: 5824 to 5886GenBankGraphicsNext Match Previous Match 

Score Expect Identities Gaps Strand 

100 bits(54) 2e-17 60/63(95%) 0/63(0%) Plus/Plus 

Query  1     CTGCCGCGGACCATCCGGCAACACCCGCCGTTCGAAGCCCTGGTCACCTCTCATCTCAAG  60 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5824  CTGCCGCGGACCATCCGGCAACACCCGCTGTTCGAAGCCATGGTCACCTTTCATCTCAAG  5883 

Query  61    GGG  63 

             ||| 

Sbjct  5884  GGG  5886 

12 

Aspergillus fumigatus Af293 nonribosomal peptide synthase GliP (AFUA_6G09660), partial mRNA 

Sequence ID: XM_745762.1Length: 6408Number of Matches: 1 

Score Expect Identities Gaps Strand 

198 bits(107) 9e-47 109/110(99%) 0/110(0%) Plus/Plus 

Query  1     CCGTCTGCAATTTCATTCCATTCGAGCAGGTCCTGAACCTCCTCCACCTGCCGCGGACCA  60 

             ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5777  CCGTCTGCAATTCCATTCCATTCGAGCAGGTCCTGAACCTCCTCCACCTGCCGCGGACCA  5836 

Query  61    TCCGGCAACACCCGCTGTTCGAAGCCATGGTCACCTTTCATCTCAAGGGG  110 

             |||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5837  TCCGGCAACACCCGCTGTTCGAAGCCATGGTCACCTTTCATCTCAAGGGG  5886 

13 

Aspergillus fumigatus Af293 nonribosomal peptide synthase GliP (AFUA_6G09660), partial mRNA 

Sequence ID: XM_745762.1Length: 6408Number of Matches: 1 

Score Expect Identities Gaps Strand 

193 bits(104) 4e-45 108/110(98%) 0/110(0%) Plus/Plus 

Query  1     CCGTCTGCAATTTCATTCCATTCGAGCAGGTCCTGAACCTCCTCCACCTGCCGCGGACCA  60 

             ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5777  CCGTCTGCAATTCCATTCCATTCGAGCAGGTCCTGAACCTCCTCCACCTGCCGCGGACCA  5836 

Query  61    TCCGGCAACACCCGCTGTTCGAAGCCATAGTCACCTTTCATCTCAAGGGG  110 

             ||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  5837  TCCGGCAACACCCGCTGTTCGAAGCCATGGTCACCTTTCATCTCAAGGGG  5886

Fig (3): Sequencing of sense flanking the partial  gliP gene  in Aspergillus fumigates compared with standard gliP, obtained 

from Gene Bank. Query represents of sample; Sbject represent of database of National Center Biotechnology Information 

(NCBI). 
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