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Abstract: We are making reports on isolation and expression of a new endoglucanase gene, EGat1 
from Aspergillus terreus SUK-1. There are 1412 nucleotides of EGat1 which consist of 1251 
nucleotides coding sequence encoding 404 amino acids of endoglucanase protein. Both nucleotide and 
amino acid sequences of EGat1 had shown high similarity with reported endoglucanase such as from 
A. terreus NIH2624, Talaromyces emersonii, A. fumigatus Af293, Neosartorya fischeri NRRL 181, A. 
clavatus NRRL 1 and Penicillium brasilianum. Amino acid sequence analysis showed EGat1 protein is 
belonged to a glycosyl hydrolase superfamily 5 of protein. A glycosyl hydrolase superfamily 5 domain 
extends from Asn19 to Met304. The carbohydrate transport and metabolism domain were located 
between Ala17-Ser389. The fungal carbohydrate binding module was located between amino acid 
His372-Tyr400. RT-PCR analysis showed that EGat1 expression reached maximum level at 24 hours 
after incubation before slightly decreased at 48 hours. EGat1 expression remained constant between 48 
to 96 hours after incubation. After 96 hours until 168 hours, EGat1 expression was fluctuated. This 
indicated that EGat1 expression was regulated by a catabolite repression phenomenon by product of 
enzymatic degradation. Addition of glucose to the growth media suppressed EGat1 expression 
completely suggested that EGat1 was regulated by glucose.  
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INTRODUCTION 

 
 Plant cell wall consists mainly of polysaccharides such as cellulose, hemicelluloses and pectin. It is 
estimated that approximately 4 x 109 tons of cellulose are formed annually. However, its amount does not 
accumulate and naturally degraded by fungi and bacteria. These microorganisms play a key role in the recycling 
of carbon back into the ecosystem. Degradation of plant cell wall compounds is a complex process involving the 
synergistic action of a large number of extracellular enzymes. In filamentous fungi, these plant cell wall 
degrading enzymes, such as cellulases, hemicellulases, pectinases and ligninases (Béguin and Aubert, 1994; 
Bhat, 2000), provide the fungus with the means to obtain energy and nutrients from plant cell wall biopolymers.   
 Cellulose is the most abundance biopolymer in nature and the major constituent of plant cell wall to provide 
the wall rigidity. Mainly, it consists of β-1,4 linked D-glucose units that form polymer chains of about 8 000-12 
000 glucose units. In crystalline form, cellulose chains are packed together by hydrogen bonds to form highly 
insoluble structures (Béguin and Aubert, 1994; Béguin,1992). Complete hydrolysis of cellulose to glucose 
requires the combined actions of multiple enzymes with different substrate specificities. The exoglucanases or 
cellobiohydrolases (exo-1,4-β-D-glucanase, EC 3.2.1.91) cleave cellobiose units from the ends of the cellulose 
chain. The endoglucanases (endo-1,4-β-D-glucanase, EC 3.2.1.4) cut the cellulose chain internally, mainly from 
amorphous regions, to provide the cellobiohydrolases with more ends to act upon. Finally, the β-glucosidases 
(EC 3.2.1.21) hydrolysed cellobiose into glucose, which serve as a carbon source for the organism (Teeri, 1997; 
Béguin, 1990).  
 High demands in industrial applications contribute to extensive research for cellulase. A wide range of 
industries use cellulase in their applications such as in food and feed industry, fertilizer industry, pulp and paper 
industry, textile industry as well as biofuel industry (Battan et al., 2007; Ibrahim, 2008; Han and He, 2010; 
Cheng and Timilsina, 2011). In the past few years, with the increase in the fossil fuel price, extensive research is 
now focusing on the production of ethanol biofuel as replacement for the fossil fuel that leads to demand for 
cellulase sharply increased. 
 Researchers worldwide are continually isolating cellulase genes from various sources with the aim of 
finding cellulase enzyme of the highest activity and yet with the lowest cost of production. These lead to a 
number of genes encoding for cellulase enzymes been isolated from various organisms (Kanokratana et al., 
2008; Li et al., 2009; Sakamoto et al., 2009). We have previously reported isolation of a complete sequence of 
cellobiohydrolase gene (Sidik et al., 2011) from Aspergillus terreus SUK-1. In this paper, we report on the 
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isolation of complete coding sequence for endoglucanase gene and characterise its expression in A. terreus 
SUK-1 grew with and without the presence of glucose.  
 

MATERIALS AND METHODS 
 

Fungal Strain and Growth: 
 The fungus used in this study was A. terreus SUK-1, which was obtained from Professor Othman Omar, 
Universiti Kebangsaan Malaysia, Malaysia. The culture was maintained on Potato Dextrose Agar (PDA) and 
was subcultured for every 3 months. A. terreus SUK-1 was first inoculated into a Mandel broth medium 
(Mandels and Reese, 1957) containing glucose and minerals and incubated overnight at 30 °C and shaken at 250 
rpm.  Inoculums of 12.5 ml of the overnight culture was transferred into 500 ml of Mandel broth in a 1 L conical 
flask and then incubated at 30 °C with shaking at 250 rpm for up to 5 days. 
 
RNA Isolation: 
 A 3-day culture of cells was harvested by filtering through nylon gauze. The resulting biomass was then 
frozen under liquid nitrogen and ground to a fine powder. Total RNA was then extracted using RNeasy Plant 
Mini Kit according to the manufacturer recommendations (Qiagen, Germany). Quality and quantity of the total 
RNA were determined with agarose gel electrophoresis and UV spectrophotometer.  
 
Isolation of 5’and 3’ Ends Coding Sequence:  
 5’ and 3’ ends of EGat1 coding sequence were generated with rapid amplification of cDNA ends technique 
using GeneRacer Kit (Invitrogen, USA) as described by (Sidik et al., 2011). Meanwhile, 3 µg of total RNA was 
used to synthesise the first strand cDNA using SuperScript™ cDNA Synthesis Systems (Invitrogen, USA). 
Oligo(dT) primer was used as a primer for cDNA synthesis by SuperScript III Reverse Transcriptase. A total of 
3 µg RNA was used as a template. 50 ng of the first strand cDNA was used as a template for gene racer 
experiments using the GeneRacer™ Kit according to the manufacturer recommendations (Invitrogen, USA). 
The 5’ end of EGat1 was generated using combination of GeneRacerTM 5’ forward primer (5′-
CGACTGGAGCACGAGGACACTGA-3′) and reverse primer EGatr5 
(5’CCAGGCGCCCGAGTACGAGTT3’). Meanwhile, the 3’ end of EGat1 was generated using combination of 
forward primer EGatf3 (5’TCTGGACCACGGTAGCGAAG3’) and reserve primer EGatr3 
(5’[T]21GCTGAGTCATTCGTTCC3’). The PCR cycles for amplification were; pre-denaturing at 94 ºC for 3 
minutes for one cycle; 94 ºC for 30 seconds, annealing temperature for 1 minute, 72 ºC for 1 minute for 30 
cycles; 72 ºC for 10 minutes for one cycle. Specific annealing temperatures for amplification of 5’ and 3’ ends 
were 52 ºC and 50 ºC respectively. The PCR products were analysed on 1.0 % agarose gel and purified as 
described by (Mohd. Fahmi et al., 2010). The purified PCR product was cloned into pCR®II-TOPO (Invitrogen, 
USA) and transformed into E. coli DH5α as described by (Sambrook et al., 1989). 
 
DNA Sequencing and Analyses: 
 Plasmid DNA was purified using the QIAprep Spin Miniprep Kit (Qiagen) and sent for sequencing. The 
sequences were edited with BIOEDIT  (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Sequence analysis for 
gene prediction was done using GENSCAN (http://genes.mit.edu/GENSCAN.html). Multiple sequence 
alignments were conducted by CLUSTALW (http://www.genome.jp/tools/clustalw/). The sequences were 
analysed with the Blast program and the NCBI Conserved Domain Search (http://www.ncbi.nlm.nih.gov/). The 
Pfam protein families database (http://www.sanger.ac.uk/software/pfam) was used to search the sequences for 
conserved domains.  
 
Generation of a Complete Sequence for EGat1: 
 Fifty ng of the first strand cDNA was used as a template to generate a complete sequence for EGat1 by 
PCR using combination of GeneRacerTM 5’ forward primer (5′-CGACTGGAGCACGAGGACACTGA-3′) and 
reverse primer EGatr4 (5’[T]21GCTGAGTCATTCGTTCCTAACC3’). The PCR cycles for amplification were; 
pre-denaturing at 94 ºC for 3 minutes for 1 cycle; 94 ºC for 30 sec., 62 ºC for 1 minute, 72 ºC for 1 minute for 
30 cycles; 72 ºC for 10 minutes for 1 cycle. PCR product was purified and cloned in pCR®II-TOPO (Invitrogen, 
USA) as described. 
 
Expression of EGat1: 
 A. terreus SUK-1 was grown in Mandel medium and total RNA was isolated 7 hours after inoculation and 
subsequently every 24 hours after inoculation for 7 days. Total RNA was also isolated from A. terreus SUK-1 
grown in Mandel medium in the presence of 0.04 M glucose. A reverse transcriptase-polymerase chain reaction 
(RT-PCR) approach, using gene-specific primers, was used to study the expression of EGat1 gene. A total RNA 
sample of 3 µg was then used to generate cDNA with the SuperScript™ cDNA Synthesis System (Invitrogen, 
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USA). The forward primer was EGat1F (5’ATCGCTCGAGCTACGATGAAGCTCTCG3’) and the reverse 
primer was EgatR (5’CCGCGAATTCAACACCTACAGACACTG3’). The PCR cycles used for amplification 
were; pre-denaturing at 94 ºC for 3 minutes for 1 cycle; 94 ºC for 30 sec, 56 ºC for 1 minute, 72 ºC for 1 minute 
for 30 cycles; 72 ºC for 10 minutes for one cycle. The housekeeping gene, ef1α for transcriptional elongation 
factor 1-α was also amplified as a control.  

 
RESULTS AND DISCUSSION 

 
 The GeneRacer Kit has successfully generated a 5’ end DNA fragment of 660 nucleotides and a 3’ end 
DNA fragment of 940 nucleotides. The sequence was aligned with Clustalw2 program producing an overlapping 
sequence 188 nucleotides and a complete sequence for EGat1 of 1412 nucleotides.  The sequence contains a 
coding region of 1212 nucleotides for EGat1 gene encoding 404 amino acids. Both nucleotide and protein 
sequences of EGat1 gene showed high similarity with other endoglucanase nucleotide and protein sequences 
previously described. The coding sequence of EGat1 shared 96% nucleotide sequence identity with 
exoglucanase 1 of A. terreus NIH2624 (XM_001214181.1), 80% with endoglucanase 3 of A. terreus NIH2624 
(XM_001213568.1) and 76% with endoglucanase of Talaromyces emersonii (AF440003.2). The protein 
sequence of EGat1 showed closer relationship with more endoglucanase proteins. EGat1 protein shared 
similarity with endoglucanase of A. fumigatus Af293 (78%, XP_751043.1), Neosartorya fischeri NRRL 181 
(74%, XP_001258277.1), A. clavatus NRRL 1 (73%, XP_001268256.1) and Penicillium brasilianum (72%, 
ACB06750.1).  
 

 
 

Fig. 1: Nucleotide and deduced amino acid sequences of the EGat1 gene. Numbers on the right refer to 
nucleotide and amino acid sequences. A putative signal peptide sequence is underlined. The glycosyl 
hydrolase family 5 (GHF5) domain is indicated by bold letters. The cellulose binding domain (CBM) is 
indicated by bold and italic letters. Dotted line indicates a putative TATA box. Asterisk (*) indicates 
stop codon. Arrowhead (▲) indicates the start of polyA tail. The GeneBank accession number for the 
sequence is AY864862.2.   

 
 Nucleotide sequence analysis showed the presence TATA box sequence for promoter regulation (Figure 1). 
Analysis on protein sequence showed the presence of a predicted signal peptide of 16 amino acids located 
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between Met1 and Ala16. The 3 specific domains were detected in EGat1 protein sequence. The first one was 
the family 5 glycosyl hydrolase superfamily (GHF5) domain extends from Asn19 to Met304. The BglC multi 
domain specifically for carbohydrate transport and metabolism was located between Ala17-Ser389 and the 
fungal carbohydrate binding module (CBM) was located between amino acid His372-Tyr400. The GHF5 
domain and CBM domain were separated by a Thr (T)-rich linker which is a common feature of GHF5 protein 
family (Ledger et al., 2006).  
 Glycosyl hydrolases are a group of enzymes that catalysed the breaking of glycosidic bonds between two or 
more carbohydrates. Glycosyl hydrolase enzymes consist of 85 different families and were classified based on 
their sequence similarity (Henrissat and Davies, 1995). The glycoside hydrolase family 5 comprises of several 
enzymes such as endoglucanase, β-mannanase, exo-1,3-glucanase, endo-1,6-glucanase, xylanase and 
endoglycoceramidase. CBM was previously known as cellulose binding domain (CBD) (Gilkes et al., 1991) and 
consist of at least 64 families (Cantarel et al., 2009). Similar to glycosyl hydrolase family, CBM was also 
created based on amino acid sequence similarity. The presence of CBM domain proved specificity of EGat1 
enzyme towards cellulose. 
 Expression analysis in Figure 2 shows that EGat1 transcript was not detected in the first 7 hour after 
incubation period. The level of expression increased sharply and reached maximum level after 24 (day 1) hours 
before slowed down and maintained at constant level up to 96 hours (day 4) after incubation. EGat1 expression 
decreased into one-third of its maximum at 120 hours (day 5) and fluctuated until 168 hours (day 7). A graphical 
representation of EGat1 expression analysis is shown in Figure 3. 
 

 
 
Fig. 2: RT-PCR results of expression study. Labels on the top indicate time (hour) after incubation. G, A. 

terreus SUK-1 grew with the presence of glucose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: A graphical representation of the RT-PCR results from Figure 2.  This was obtained by scanning the 

intensity of each band using Bio1D software on Vilber Lourmat INFINITY-CAP gel imager (Germany). 
■, EGat1; ●, ef1. 

 
 Endoglucanase is an essential enzyme which is produced to catalyse the degradation of cellulose substrate 
into shorter cellulose chains product such as cellobiose and glucose. The cellobiose will then be further 
degraded by β-glucosidase into a simple glucose monomer and used a carbon source by A. terreus SUK-1. As 
fungal endoglucanase is an inducible enzyme by its substrate and is inhibited by its catalytic product which is 
glucose (Mandels and Reese, 1957), it is understood that the sharp increase in EGat1 expression after 24-hour 
incubation period correlates with the requirement of the enzyme in utilization of carbon source for living. The 
level of EGat1 expression maintained high until it slowed down at 96 hour indicating that the optimum glucose 
supply to the organism had been reached. This pattern of enzyme regulation is called catabolite repression and 
this phenomenon is normally observed when organisms grow in the presence of an easily assimilable carbon 
source (Suto and Tomita, 2001). As the glucose supply was used by A. terreus SUK-1 and gradually decreased 
EGat1 expression was again induced, the regulation of gene expression continued. This fluctuation pattern of 
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EGat1 expression is observed after 96 hour incubation period. A study by (Hanif et al., 2004) indicated that 
catabolite repression phenomenon occured when the product of enzyme degradation reached more than 5% of 
its optimum concentration.   
 Many enzymes displayed similar regulation pattern as EGat1. Phlebia gigantea total cellulase was induced 
by carboxymethyl cellulose but totally inhibited by glucose (Niranjane et al., 2007). In P. decumbens, 
endoglucanase gene expression was suppressed by glucose and induced by cellulose (Sun et al., 2008). 
Whereas, H. jecorina endoglucanase gene was suppressed by glucose (Ilmén et al., 1996). Bhiri et al. 2010 
showed that cellobiohydrolase from P. occitanis was induced by cellulose but slightly repressed by glucose.  
Béra-Maillet et al, 2000 also showed that endoglucanase enzyme production was lower in Fibrobacter 
succinogenes S85 grown on glucose compared to cellulose. Similarly, catabolic repression mechanism of other 
enzymes by glucose was also reported (Sidik et al., 2011; Grimmler et al., 2010; Mohamad et al., 2011). Even 
though we did not measure the presence of glucose in growth medium, we proved that addition of glucose in the 
growth media completely suppressed EGat1 expression (Figure 2).  
 On the basis of data obtained from this study, we conclude that EGat1 expression was induced by cellulose 
and repressed by glucose. In the future, we will further characterise the regulatory region of the EGat1. Several 
studies proved that the catabolite repressor genes showed the presence of the consensus sequence 5’-SYGGRG-
3’ in the upstream region of the promoter which was functioning to bind to the specific zinc finger protein that 
inhibit the gene expression (Ilmén et al., 1996; Takashima et al., 1996; Takashima et al., 1998). 
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Conclusion: 
 We isolated a complete sequence of endoglucanase gene from A. terreus SUK-1 of 1412 nucleotides which 
consist of 1251 nucleotides coding sequence encoding 404 amino acids for EGat1. Both nucleotide and amino 
acid sequences had high similarity with previously described endoglucanase genes and proteins. EGat1 
expression was induced by cellulose and completely suppressed by glucose.  
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