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Abstract 
The conversion of biomass to bioenergy required pretreatment process. Ionic liquid (IL)is capable of solubilizing and separating 
components of biomass in which this process is known as pretreatment. Pretreatment process resulted into 3 main components which are 
cellulose, hemicellulose and lignin. Cellulose is a biopolymer consisting of β-1,4-linked D-glucose that can be used as a source for 
glucose and subsequent molecules which is bioethanol. Enzymatic hydrolysis is one of the techniques to convert cellulose to glucose. 
However, enzyme can be deactivated by residual IL left in the recovered cellulose. Therefore, the aim of this research is to produce 
recombinant endoglucanase which is stable in IL. A molecular approached has been used to produce acidophile endoglucanase. Specific 
activity of recombinant endoglucanase in different pH was evaluated and at pH 1 the specific activity was 12.99 U/mg. 
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1. Introduction 

Cellulases are produced by a wide variety of organisms which cover a number of ecological niches.  This includes bacteria 
and fungi, living both in the presence and absence of oxygen.  These can be mesophiles or thermophiles (Bhat and Bhat, 
1997; Coutinho and Henrissat, 1999; Maijala, 2000; Lynd et al., 2002).  Within bacteria, industrially relevant organisms 
such as the Clostridia are commonly used to manufacture cellulases or used in consolidated bioprocessing to convert 
cellulose to small molecules by fermentation (Higashide et.al. 2011). Within fungi, the most widely studied organisms for 
cellulase production are the Trichoderma and Aspergillus species.Enzymatic cellulose hydrolysis involves endoglucanase 
(EC 3.2.1.4), exoglucanase or cellobiohydrolase (EC 3.2.1.91) and β-glucosidase (EC 3.2.1.21) (Henrissat, 1994; Knowles 
et al., 1987; Lynd et al., 2002; Teeri, 1997; Wood and Garica- Campayo, 1990; Zhang and Lynd, 2004).Endoglucanases 
hydrolyse intramolecular β-1,4-glucosidic bonds of cellulose chains randomly to produce new chain ends. Exoglucanases 
are important in releasing soluble cellobiose or glucose by cleaving cellulose chains at the ends. In order to eliminate 
cellobiose inhibition, β-glucosidases are used to hydrolyse cellobiose to glucose. Acidophilic enzymes are important in 
bioethanol production from lignocellulosics because the pretreatment process is more efficient in acid in order to obtain 
high sugar yields (Galbe and Zacchi 2007). It has been reported that some industrial processes required extreme pH 
conditions (very acidic), so if acid stable cellulase is available, the industry can minimise the cost for pH adjustment. In 
order to find an acid-tolerant cellulase, studies conducted by previous researchers were examined and it was observed that 
endoglucanase from Cryptococcus sp. S-2 showed maximum activity at pH 3.5 (Thongekkaew et al., 2008). This study 
presents results on the cloning, overexpression, and testing of recombinant endoglucanase from Cryptococcus sp. The 
enzyme was expressed in E.coli with two different expression vectors and its activity on carboxymethylcellulose (CMC). 
This study aims to obtain endoglucanase which is stable in a very acidic condition. 
 

2. Materials and Methods 

 The E.coli strains, bacterial plasmids and primers used are listed in Table 2.1, 2.2 and 2.3 
 
 Table 2.1: Bacterial strains 

E.coli strain Use 
TOP10 competent cell Cloning 
BL21 (DE3) Protein expression 
Rosetta Protein expression 
Shuffle T7 Protein expression 
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Table 2.2: Bacterial plasmids and manufacturer 

Plasmid Manufacturer 
pRSET A Life Technologies 
pUC18 Control 

 

Table 2.3: Forward and reverse primer 

Forward primer with restriction site 
BamHI  

 
5’ GATTAGGATCCATGAAAACAGCTACCTTGTTG 3’ 

Reverse primer with restriction site 
HindIII  

5’ CGTTGGAAGCTTTCAAGGTAGATTTGGCTTTAC 3’ 

2.1 PCR reaction 

Oligonucleotides were purchased from IDT and PCR reactions were carried out using Phusion® High-Fidelity DNA 
Polymerase (New England Biolabs). Table 2.4 shows the amounts and reagents used. 

Table 2.4: Composition of a standard PCR reaction 

Components 50 µl Reaction 
Nuclease-free water To 50 µl 
5X Phusion HF 10 µl 
10 mM dNTPs 1 µl 
10 µM Forward Primer 2.5 µl 
10 µM Reverse Primer 2.5 µl 
Template DNA 10 ng 
Phusion DNA Polymerase 0.5 µl 
 
2.2 Plasmid DNA extraction 
 
Plasmid DNA was purified using the Qiagen QIAprep kit according to the manufacturers 
protocol, based on an alkaline lysis method. Briefly, the bacterial pellet was lysed in alkaline buffer and the solution 
neutralised to precipitate cell debris. The DNA was bound to a silica-based resin column and washed with an ethanol-
containing buffer to remove genomic DNA, RNA and other contaminants. Plasmid DNA was eluted using the buffer 
provided or sterile water. 
 

2.3 Measuring DNA concentration and purity 
 
The absorbance of the sample DNA was measured using a NanoDrop ND-1000 Spectrophotometer (Thermo Scientific). 
This device allowed accurate determination of concentration and purity. Basically 1 µl of neat sample was pipetted onto the 
receiving fibre; avoiding dilutions, which can introduce error. The sample absorption at 260nm and 280nm was measured. A 
reading of 1.0 at 260nm corresponds to 50 µg/ml of DNA. 
 
2.4 Restriction digests of plasmid DNA 
 
All digests were carried out in the buffer according to the manufacturer’s recommendations. 
Digests were incubated at 37°C for a minimum of 1 hour. If the digested products (vector) were to be subsequently used in 
ligation reaction, 1 unit of Alkaline Phosphatase was added and incubated for 10 minutes at 37°C. This was to prevent the 
DNA from re-circularising. The reaction was stopped by heating to 65°C. The DNA bands were excised from agarose gel 
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with a sharp knife and purified using a gel purification kit (Qiagen) based on the manufacturer’s instructions. The resulting 
DNA was eluted with 50 μl of elution buffer provided with the kit. 
 
2.5 Ligation of DNA 
 
Ligations were carried out in the buffer supplied by the manufacturer with total volume 20µl. T4 DNA ligase has been used 
for the ligation process. The molar ratio of linearised plasmid DNA: insert DNA were 3:1 (typically 50-100ng plasmid 
DNA). Reactions were incubated at room temperature for 1-2 hours or overnight at 4°C prior to transformation into 
competent E. coli cells. Table 2.5 shows the components and the amounts of ligation reaction (New England Biolabs): 
 
Table 2.5: The components and the amounts of ligation reaction 
Components 20 µl Reaction 
10X T4 DNA Ligase Buffer 2 µl 
Vector DNA 50 ng 
Insert DNA 37.5 ng 
Nuclease-free water To 20 µl 
T4 DNA Ligase 1 µl 
 
 
2.6 Agarose gel electrophoresis of DNA 
 
A 1% agarose solution (w/v) was prepared in TAE buffer, heated to melt the agarose and cooled slightly before the addition 
of GelRed to a concentration of 1µg/ml. The gel was cast in a gel system and allowed to set. The tank was filled with 1 x 
TAE buffer and DNA samples loaded into gel wells by the addition of DNA loading buffer. Gels were separated at 
approximately 100V and subsequent visualisation of the DNA was achieved by exposure to a non-UV blue light box. 
 
2.7 Plasmid transformation (Chemically-competent E.coli) 
 
One tube of chemically competent cells (see Table 2.4) per transformation required was allowed to thaw on ice. Between 
10-100ng plasmid DNA was added to each tube, the cells mixed by gentle agitation with the pipette. The cells were then 
incubated on ice for 30 minutes. Cells were heat-shocked for 30 seconds in a 42°C water bath and returned to ice for 5 
minutes. Then 950µl of pre-warmed SOC media was added followed by incubation for 1 hour at 37°C with shaking at 250 
rpm in an orbital shaker. Typically, 10, 50,100 and 200 µl of the transformed cell culture was plated on LB Agar with an 
appropriate antibiotic with concentrations as shown in table below: 
 
Table 2.6: Antibiotics used in this research 
Antibiotic Stock concentration Working concentration 
Ampicillin 50 mg/ml 50 µg/ml 
Kanamycin 50 mg/ml 50 µg/ml 
 
 
2.8 Plasmid transformation (Electrocompetent E.coli) 
 
One tube of chemically competent cells (see Table 2.4) per transformation required was allowed to thaw on ice. Between 1-
50ng plasmid DNA was added to each tube and placed on ice for approximately 10 minutes. Cells were transferred to a 
chilled electroporation cuvette (0.2cm electrode gap) and electroporated in a BioRad GenePulser Plus at the following 
settings: 
Voltage: 2.5 kV 
Resistance: 200 Ω 
Immediately following electroporation, 1ml of pre-warmed LB media was added to the cuvette and the cells were 
transferred into a sterile tube. Cells were allowed to recover at 37°C for 1 hour with 250 rpm shaking in an orbital shaker 
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before plating on agar plates containing the appropriate antibiotic. Plates were incubated inverted at 37°C overnight to 
obtain single colonies. 
 
2.9 Protein expression in E.coli 
 
Larger scale expression was achieved by seeding a 500ml culture of LB  medium in a sterile 2L conical flask and continuing 
the steps for small-scale inductions until the point of induction. The cells were then induced with IPTG and grown at 30°C 
overnight with 250rpm shaking to allow expression of the protein of interest. Then, culture supernatant was harvested by 
centrifugation at 4000rpm in a Sorvall rotor for 20 minutes. Cell pellet was resuspended in PBS and sonicator was used to 
lyse the cell.Sonicator amplitude setting was 45% and sonication pulse rate was set up for 20 seconds ON and 20 seconds 
OFF. The lysate was centrifuged at 4000rpm for 10 minutes to separate the soluble and insoluble fractions. 
 
2.10 Protein purification (Ni-NTA) 
 
Protein purification was conducted using Ni-NTA agarose resin (Qiagen). The resins are supplied as 50% slurries. Three 
types of buffers were used lysis, wash and elution buffer. The lysis buffer comprises 10mM imidazole to reduce binding of 
untagged and contaminating proteins.1 ml of the 50% Ni-NTA slurry was added to a lysate and shake at 200 rpm at 4°C for 
1 hour. Then, the lysate-Ni NTA mixture was loaded into a column. Then, column flow-through was collected. After that, 
column was washed twice with 4 ml wash buffer. Wash fractions were collected for SDS-PAGE analysis. Then, the protein 
was eluted 4 times with 0.5 ml elution buffer (Qiagen).  
 
2.11 Polyacrylamide Gel Electrophoresis (SDS-PAGE)  
 
Polyacrylamide gels were cast in the supplied gel-casting apparatus according to the manufacturer’s instructions (Bio-Rad), 
typically consisting of a resolving gel of 12% (4ml acrylamide/bis, 2.5ml 1.5M Tris/HCl pH 8.8, 100µl 10% SDS, 3.3 ml 
distilled water, 100µl 10% APS,4µl TEMED) and a 5% of stacking gel (833 µl acrylamide/bis, 630 µl 0.5M Tris/HCl pH 
6.8, 50µl 10% SDS, 3.4 ml distilled water, 50µl 10% APS, 5µl TEMED). Protein samples were boiled in SDS loading 
buffer, loaded into SDS-PAGE gel wells and electrophoresed at 20mA per gel in SDS running buffer to achieve separation 
of proteins (approximately 1 hour). Gels were either stained with Coomassie blue and visualised following destaining for 
several hours in SDS-PAGE destaining buffer or used for Western blotting. 
 
2.12 Western blotting 
 
Acrylamide gels were soaked in transfer buffer for at least 10 minutes along with filter paper (Bio-Rad) and a nitrocellulose 
PVDF membrane. Then the filter papers, nitrocellulose membrane and the gel were assembled on the bed of the transblotter 
(BioRad Semi-Dry Transfer Cell) with care taken to eliminate any air bubbles. Gels were electrophoresed at a constant 
potential of 15 volts for 45 minutes to transfer the proteins to the nitrocellulose PVDF membrane. Visualisation was 
conducted using the WesternBreeze anti-mouse chromogenic kit (Invitrogen) using the buffers supplied with the kit, but 
exchanging the chromogenic substrate for a chemiluminscent one as described below. The membrane was blocked in 10 ml 
blocking solution for 1 hour at 37°C or at 4°C overnight. The blocking solution was discarded and the membrane was 
incubated with the primary antibody (mouse anti-6x- His tag) at an appropriate dilution (1:000 dilution) for 1 hour at room 
temperature. After incubation with primary antibody, PVDF was washed three times with prepared antibody wash and then 
incubated with secondary antibody (anti-mouse) for one hour before washing with antibody wash three times for 10 minutes. 
Finally, blots were developed by enhanced chemiluminescence (Amersham Biosciences) according to the manufacturer’s 
instructions. Developing reagents were mixed at a ratio of 1:1 and the solution was allowed to cover the membrane. After 5 
minutes of incubation, developing reagent was discarded and the PVDF was visualised using an imaging system (non-UV 
blue light box). 
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3. Result and Discussion 

The gene encoding Cryptococcus endoglucanase was synthesised commercially by Integrated DNA Technologies 
(see Appendix I). First the gene was isolated from the original plasmid by conducting a PCR reaction and the size of the 
gene was 1035bp.The insert and the purified vector pRSET-A were double digested with BamHI and HindIII. After that, the 
gene was ligated into this pRSET-A, transformed into E. coli TOP10 cells, and screened by plating on an LB agar plate 
containing 50 µg/mL ampicillin to select for cells which had taken up the plasmid. DNA from a transformant was then 
purified and sequenced. The Cryptococcus cellulase comprises 322 amino acids. Furthermore, a 100% DNA sequence 
match was also detected. This suggests that the full-length of the cellulase gene was cloned successfully and was not 
modified by any mutations during the cloning process. The enzyme required lower temperature for the expression so 0.4 
mM IPTG was used to induce expression at 25◦C for 16 hours. The protein was purified with Ni-NTA and at this condition, 
the intensity of the protein band is higher as can be seen in figure 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Expression in LB Media with SHuffle® T7 Express. Lane M: protein ladder (NEB #P7703), Lane 1-2: crude 
extract, Lane 3: flow-through, Lane 4-5: washing fractions, Lane 6 - 10: purified protein. Protein samples were extracted 
from cells grown at 25°C with the addition of 0.4 mM IPTG to induce the expression. Protein samples were separated on 
12% SDS-PAGE. 
 
In the figures above, the purified fractions contain many bands in addition to that of the expected size. Perhaps, the 
concentration used was very high.  Therefore, another SDS-gel with less protein concentration was run. The concentration 
used to load the gel was 0.5 mg/ml. (figure 3.2).  
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Figure 3.2: Expression in LB Media with SHuffle® T7 Expresswith less concentration of protein. Lane M: protein ladder 
(NEB #P7703), Lane 1-2: crude extract, Lane 3-5: purified protein. Protein samples were extracted from cells grown at 
25°C with the addition of 0.4 mM IPTG to induce the expression. Protein samples were separated on 12% SDS-PAGE. 
  
 
Western-blot analysis was conducted to confirm the size of the protein using a mouse anti-his antibody and a 
chemiluminescence detection kit for mouse antibodies. The size of the protein was 34 kDa (figure 3.3). The size of the 
protein was in accordance with the one reported previously (Thongekkaew, J., et al. 2008).  In addition, very few of the 
other bands are stained in the Western blot, suggesting that they are contaminating proteins, rather than undenatured 
oligomers of the protein of interest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3: Western-blot analysis of endoglucanase expression. Protein samples were extracted from cells grown at 25°C 
with the addition of 0.4 mM IPTG to induce the expression. Lane 1-4: purified endoglucanse, lane 5-6: washing fractions, 
lane 7: flow-through, lane 8: crude extracts, lane M: marker (NEB #P7703). Protein samples were separated on 12% SDS-
PAGE and transferred onto a PVDF. The endoglucanase size was 34 kDa. 
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3.1 Specific activity against CMC 
 
The enzyme’s specific activity was assayed according to the standard DNSA assay protocol (Ilmberger and Streit, 2010). 
Figure 3.4 shows a representative glucose standard curve used for calculating the specific activity of the endoglucanase from 
Cryptococcus sp. 
 

 
 
 
Figure 3.4: Representative standard curve for DNSA Assay for glucose release.  Standards of 0.2, 0.4, 0.6, 0.8 and 1 mg/mL 
glucose were used and placed in a 96-well plate. Absorbance was measured at 546 nm using a synergy HT reader. Error 
bars represent standard errors between n=3. 
 

The specific activity of recombinant endoglucanase was calculated to be 5.59 U/mg in the standard assay condition 
of 50 mM citrate buffer pH 4.8. It has been reported previously the specific activity was 4.93 U/mg (Thongekkaew et al., 
2008). Specific activity in this research study was better than the previous one possibly because the host expression used 
was different. In a previous research reported by Thongekkaew et al (2008), they used P. pastoris as host expression. P. 
pastoris is a fungal expression system which has been reported does not ferment sugar and it can avoid the toxic 
fermentative product ethanol. The lack of toxic products results in very high cell densities and this is why some researchers 
preferred fungal expression system than E.coli (Eugene et al., 2002). However, it was reported by Jeoh et al. (2008), the 
specific activity of cellobiohydrolases decreased due to the higher N-glycan content on cellobiohydrolases and this enzyme 
was expressed in fungal expression.  

 
Perhaps, the endoglucanase in P.pastoris undergo more glycosylation which can reduce the specific enzyme 

activity. E. coli lack post-transformational modification such as glycosylation therefore endoglucanase from Cryptococcus 
sp. expressed in E.coli had higher activity. 

Furthermore, specific activity of recombinant endoglucanase in different pH was evaluated. At pH 1, the specific 
activity was 12.99 U/mg and the activity was decreased to 5.63 U/mg at pH 4 (figure 3.5). The optimum pH for 
endoglucanase from Cryptococcus sp. was 3.5 but in this study the activity of cellulase was higher at pH 1 which was 
different than what had been reported previously (Thongekkaew et al., 2008). This may be because HCl was used to adjust 
the pH instead of H2S04 in the previous study. Endoglucanase in this case works better in a stronger acid such as H2SO4. 
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Figure 3.5: pH study of recombinant endoglucanase activity. The enzyme was incubated at pH 1-5 at 37 ˚C for 15 min. 
H2SO4 was added in the solution to get pH 1-5. Absorbance was measured at 546 nm using a synergy HT reader. Error bars 
represent standard errors between three determinants.  
 
In previous research, Pichia pastoris has been used as the host to express recombinant endoglucanase from Cryptococcus 
SP-2 (Thongekkaew et al., 2013). However, in this study E. coli T7 shuffle was used and the advantages of using E.coli 
strains are that it is easy to get commercial vectors for use with this organism, easy to perform genetic manipulation and cost 
effective (Lambertz et al., 2014). However, E. coli also has disadvantages in terms of low production of a soluble protein 
and the ability to secrete proteins is low. It has been reported by Garvey et al. 2013, different host production system will 
result in different yields of cellulase. For example 1000 mg/l crude enzyme solution (cellulase) can be produced in 
Saccahromyces cerevisiae and only 11.2 to 90 mg/l enzyme solution was produced in E.coli. It appears that using yeast as a 
host production can produce higher amount of enzyme compared to E.coli. In this research study, E.coli was selected as the 
expression host, so time was invested in small scale expression for optimisation of yield. E. coli can grow very fast and the 
process of producing recombinant protein in E. coli takes only one week. Development in yeast can take over a month, 
while in mammalian cells after development of a stable cell line required a minimum of three months (Brondyk, 2009). The 
enzyme specific activity was higher for enzyme produced in shuffle T7 E.coli than in Pichia pastoris probably because 
Shuffle T7 E.coli produces a disulphide bond isomerase in the cytoplasm to facilitate protein folding. It was reported that 
disulphide bonds can enhance the stability of a protein (Khoo and Norton, 2012).  
 
3.2 Specific activity against CMC together with ionic liquids. 
 

Furthermore, the activity of recombinant endoglucanase was assayed in the presence of 5, 10 and 20 % (vol/vol) of 
[HBIM][HSO4]. As the concentration of this IL increased, the specific activity was increased. The specific activity of this 
recombinant endoglucanase at 5, 10 and 20% were 5.62, 6.28 and 11.98 U/mg, respectively (figure 3.6). 
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Figure 3.6: Specific Activity of recombinant endoglucanase from Cryptococcus sp.with ILs. The enzyme was incubated in 
5,10 and 20% [HBIM][HSO4], 5 and 10% [HBIM][H2PO4] and 5 and 10% [EMIM][OAc] for 20 min. Absorbance was 
measured at 546 nm using a synergy HT reader. Error bars represent standard errors between three determinants.(see 
Appendix VI for the glucose standards with each ILs). 
 

Moreover, the enzyme had almost similar activity in 5% and 10% [EMIM][OAc], but the activity was very low. At 
the concentration of 5 and 10% (vol/vol), the specific activities were 0.04 U/mg and 0.03 U/mg, respectively (figure 4.14). 
This was most likely because the optimum pH of endoglucanase from Cryptococcus sp. was 1 and the pH of [EMIM][OAc 
is 13. Therefore, it can be observed that endoglucanase activity from Cryptococcus sp. was higher in [HBIM][HSO4] than 
in [EMIM][OAc]. The activity of this recombinant endoglucanase with the presence of 5 and 10% (vol/vol) 
[HBIM][H2PO4] was conducted and the specific activity was 0.72 U/mg and 0.62 U/mg, respectively.  

4. Conclusions 

Acidic endoglucanase is required in bioethanol production due to the pretreatment process is in acidic condition. The 
residual left behind causing the enzyme deactivated and is not able to convert the cellulose to glucose efficiently. 
Recombinant endoglucanase can overcome this problem by producing endoglucanase that is stable in acidic environment. 
Using E.coli as the expression host to construct the acidophile endoglucanase is faster and straightforward. 
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