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Abstract 
 
Escherichia coli is the most prevalent host organism for the production of recombinant en-

zymes. This was feasible due to the possibility of genetic modification and the availability of 

multiple E. coli strains as recombinant systems. The primary disadvantage of using E. coli as 

a host, however, is bacterial cell lysis due to tension build-up in the periplasmic space caused 

by the overexpression of the recombinant enzyme. Therefore, immobilization is preferable to 

cytoplasmic excretion for directing the expression of recombinant enzymes into the culture 

medium. This research investigated the effect of graphene oxide (GO) on the xylanase and 

β-galactosidase activity of immobilized recombinant E. coli. The effect of culture conditions 

(expression medium, IPTG, post induction temperature, post induction duration, agitation 

rate, and pH) on xylanase excretion and cell survival of an immobilized cell was studied using 

the one factor at a time (OFAT) method. After 24 hours of induction, using terrific broth (TB) 

as a medium increased xylanase excretion to 0.060 U/ml and resulted in decreased β-

galactosidase activity (1.218 U/ml). Apart from that, a lower concentration of isopropyl -D-1-

thiogalactopyranoside (IPTG) at 0.01 mM, a lower post-induction temperature (25°C), a 5-

hour post-induction time, neutral pH, and 150 rpm significantly increased the xylanase 

excretion of immobilized cells with low β-galactosidase activity. This study established that 

immobilizing recombinant E. coli on GO may be advantageous for the excretion of 

recombinant proteins with a high cell viability. 

 
Keywords: Immobilized E. coli, recombinant xylanase, graphene oxide, induction time, 

cultural conditions 

 

 

Abstrak 
 

Escherichia coli ialah sistem perumah yang paling kerap digunakan untuk sintesis enzim 

rekombinan. Ini boleh dilaksanakan kerana kemungkinan pengubahsuaian genetic dan 

ketersediaan berbilang strain E. coli sebagai sistem rekombinan. Kelemahan utama 

menggunakan E. coli sebagai perumah, walaubagaimanapun, ialah sel bakteria pecah 

yang disebabkan oleh pembentukan ketegangan dalam ruang periplasmik yang 
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disebabkan oleh ekspresi dalam medium kultur. Projek ini mengkaji kesan graphene 

oksida (GO) terhadap aktiviti xilanase dan β-galactosidase daripada rekombinan E. 

coli yang termobilisasi. Kesan keadaan kultur (medium ekspresi, IPTG, suhu pasca induksi, 

tempoh pasca induksi, kadar pergolakan, dan pH) ke atas perkumuhan xilanase dan 

kemandirian sel-sel yang dimobilisasi telah dikaji menggunakan pendekatan satu faktor 

pada satu masa (OFAT). Selepas 24 jam induksi, menggunakan terrific broth (TB) 

sebagai medium meningkatkan perkumuhan xilanase kepada 0.060 U/ml dan 

mengakibatkan penurunan aktiviti β- galactosidase (1.218 U/ml). Selain itu, kepekatan 

isopropil -D-1-thiogalactopyranoside (IPTG) yang lebih rendah pada 0.01 mM, suhu 

selepas aruhan yang lebih rendah (25°C), masa selepas aruhan 5 jam, pH neutral dan 

150 rpm dengan ketara meningkatkan perkumuhan xilanase sel dimobilisasi dengan 

aktiviti β-galactosidase yang rendah. Oleh itu, kajian ini membuktikan bahawa 

memobilisasi rekombinan E. coli pada GO mungkin berfaedah untuk perkumuhan 

protein rekombinan dalam E. coli dengan daya maju sel yang tinggi. 

 

Kata kunci: E. coli dimobilisasi, xilanase terrekombinasi, graphene oksida, masa aruhan, 

keadaan kultur 

 

© 2023 Penerbit UTM Press. All rights reserved 

  

 

 

1.0 INTRODUCTION 
 

The development of heterologous proteins using 

recombinant DNA innovation has generated 

considerable attention in biotechnology's industrial 

process and manufacturing level [1]. Despite 

significant advances in using the E. coli cell factory for 

excretory manufacture of recombinant enzymes, the 

method of producing expressed protein has hit a 

specific operational impediment [2]. Protein enzymes 

are important finding in the industry of bioprocess 

technology, which is produced by active cells that 

promote the transformation of chemical species in 

living systems [3]. The use of enzymes has become a 

necessary processing strategy with extensive 

applications in the nanotechnology, animal nutrition, 

pulp and paper industry, textile, organic synthesis, 

cellulose and detergent industries, medical, 

pharmaceutical, biofuels industry, fine chemicals, 

biomaterials, cosmetic and food industry [4-5]. 

There are challenges in retrieving appropriately 

folded proteins from excretion, as overexpression of 

proteins typically occurs in the inclusion bodies (IB) 

form, which can only be recovered through a 

sophisticated and expensive process [6]. Second, the 

excretion yield of recombinant protein was frequently 

untraceable or poor; this was mostly due to 

interactions between the protein's hydrophobic 

surface areas, which resulted in clumps [2]. Thirdly, cell 

autolysis as a result of recombinant protein 

overexpression in the host cell [6]. 

As a result, various techniques have been 

developed and applied to address these issues, 

including lowering the concentration of inducer by 

controlling the level of expression via various 

promoters, excretion of recombinant proteins into the 

culture medium or periplasmic space, and the use of 

various host strains and specific recombinant proteins 

to induce chaperone and a class of proteins that aid 

in protein folding modulation [6-7]. The other 

frequently used strategy for optimising recombinant 

protein solubility and folding is to reduce bacterial 

stress and decrease recombinant protein excretion 

rates by adjusting the growing temperature. This 

allows for a more progressive translation and folding 

process in recombinant proteins [7]. Additionally, 

decreased yields of a target protein via E. coli gene 

expression are frequently caused by metabolic stress, 

resulting in decreased cell growth and rerouting of 

cellular metabolic processes. It has been reported 

that in some circumstances, it is triggered by the 

addition of isopropyl -D-1-thiogalactopyranoside 

(IPTG) inducer [8]. To be precise, once induction is 

began, it continues until a critical cell mass is reached. 

This is most likely due to a lack of critical metabolites 

during the process [9].  

On the other hand, cell immobilisation may help to 

mitigate plasmid instability and cell lysis concerns, 

hence increasing the productivity of recombinant 

cells and reducing their susceptibility to pH and 

temperature as compared to free cells. As a result, the 

chance of contamination will be reduced, the 

fermentation time will be reduced, the rate of 

substrate uptake will be increased, and the predicted 

concentration of volatile component for the product 

will increase [10-11]. Meanwhile, researchers continue 

to focus their efforts on developing a practical way for 

increasing the production of xylanase enzyme, which 

has been identified as a high-potential enzyme for a 

wide variety of industrial applications, including the 

pulp and paper industry [12-14]. Previously, this work 

reveals that GO is an advantageous immobilisation 

matrix for recombinant E. coli due to its unique 

properties, including the ability to increase 

immobilisation cell efficiency and produce a high 

level of xylanase expression [14]. Due to its remarkable 

characteristics such as large specific surface area, 

strong biological compatibility, superior mechanical 

property, and long-term stability, as well as its oxygen-

containing functional groups, GO has demonstrated 
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enormous immobilisation potential for enzymes or cells 

[15-16]. According to other studies, GO-coated 

carbon composite significantly improved 

biocompatibility for cell immobilisation and xylitol 

fermentation [17]. Optimization of cultural conditions 

for cell immobilisation of recombinant E. coli had not 

been studied till recently. 

The high xylanase excretion observed in the 

immobilized cells of GO was possibly caused by the 

capability of these cells to be more readily 

incorporated with the nutrients in culture medium 

compared to the free cells system by attaining from 

the adsorbed nutrient at the liquid-solid boundary [10]. 

Moreover, GO has a high hydrophilicity to enhance 

the hydrogen (H2) and oxygen (O2) penetrability, 

which made it dissolve in the culture medium or other 

hydrogen bonding polar solvents [18]. By having this 

characteristic, it manages to open the way for cell 

attachment to the matrix [19]. Whereas, the xylanase 

excretion attained by immobilized cells onto 

untreated carbon nanotubes (CNTs) and treated 

CNTs were lower, possibly due to the diffusion 

restrictions of the matrix due to the high hydrophobic 

properties of carbon nanotube that may cause 

deactivation and decrease in kinetic reactions during 

immobilization [20-21]. Apart from that, immobilized 

onto CNTs were correlated with 12% lower xylanase 

excretion compared to GO and 45% higher cell lysis. 

This is probably due to the hydrophobic properties of 

CNTs that obstruct their process proficiency. This in turn 

inhibited their full potential for the process efficiency. 

Hence, they are usually form unsolvable aggregates 

[21]. Considering the solubility limitation of CNTs in any 

solvents, it is also quite hard to separate one carbon 

nanotube from the other and thus, appropriate 

amounts of stabilizers are necessary to prevent phase 

separation and flocculation [21]. 

The effect of various expression medium on the 

excretion of xylanase and cell lysis of immobilised 

recombinant E. coli was investigated in this work. E. 

coli was cultured in a variety of different expression 

mediums (LB, TB, 2xYT, SOB, and M9) under a variety of 

different conditions, including different 

concentrations of IPTG as an inducer, post induction 

temperature, post induction time, agitation rate, and 

pH, and the activity of xylanase and β-galactosidase 

was assessed. 
 

 

2.0 METHODOLOGY 
 

2.1 E. coli Strains and Plasmid Selection  

 

The recombinant E. coli strain carrying xylanase gene 

(xyng) from Aspergillus fumigatus af293 used for this 

research was constructed by Hakimi et al. [22]. In this 

study, xyng with thermostability characteristic at 70°C 

was cloned into an expression host, E. coli BL21 (DE3) 

containing vector pET21a (+). This vector contains 

signal peptide M5 that can direct the expressed 

protein into extracellular space. E. coli BL21 (DE3) 

served as the host for heterologous expression while E. 

coli JM109 was utilized for storage purposes.  

 

2.2 Chemical Reagents 

 

The chemicals and reagents used in this study were all 

analytical grades which were obtained from several 

different suppliers including Merck (Merck KGaA, 

Darmstadt, Germany), Sigma-Aldrich (Merck KGaA, 

Darmstadt, Germany), Fisher (Thermo Fisher Scientific 

Inc, US).  

 

2.3 Preparation of Bacterial Glycerol Stock  

 

A single colony was inoculated into 5 ml Luria Bertani 

(LB) broth (5 g/l yeast extract, 5 g/l NaCl, 10 g/l 

tryptone) with 100 µg/ml ampicillin concentration and 

the culture was incubated at 37°C, 200 rpm for 

overnight. After that, the overnight culture was mixed 

with 80% of sterile glycerol [final concentration of 

glycerol is 15% (v/v)] and stored at -80°C. For long-term 

storage of the reserved stock culture, the culture was 

kept in bead stock culture system (British Culture 

Preservation Kit) [22]. 

 

2.4 Cell Immobilization  

 

Schematic diagram of immobilized cells is shown in 

Figure 1. 

 
Figure 1 Schematic illustration of cell immobilization types 

 

 

Immobilization of cells as shown in Figure 2 was 

performed by adding 10 mg of GO into 50 ml LB broth 

with 100 μg/ml ampicillin as previously mentioned by 

Nor Ashikin et al. [14].  
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Figure 2 Immobilized recombinant E. coli onto GO through 

adsorption for xylanase production 

 

 

The optimum weight of GO was gained from the 

screening process of the optimum matrix’s quantity 

using the OFAT method. The GO was cultivated with 

recombinant E. coli strain from bacterial glycerol stock 

at 200 rpm and 37 °C. Then, the growth medium was 

taken out from the flask after the overnight cultivation 

period (12 hr). The GO was then washed thoroughly 

with sterilized water to remove the non-immobilized E. 

coli. Meanwhile, the immobilized E. coli were 

transferred to 250-ml flasks consisted of 50 ml TB broth 

with 100 µg/ml ampicillin concentration for cultivation 

medium. The free cell suspension (2% v/v) was used as 

a control in the study and operated under the equal 

expression and growth conditions as immobilized cell.  

 

2.5 Screening of the Cultural Conditions using One 

Factor at One Time Method (OFAT) 

 

There were few steps for the screening process as 

shown in Figure 3.  

 

Figure 3 Research overview for production of recombinant 

xylanase by E. coli 

 

 

The lists of parameters used for OFAT screening are 

listed in Table 1 and the OFAT cultivation conditions for 

improvement of xylanase production are listed in 

Table 2. 

 
Table 1 The list of independent variables and parameters 

value of OFAT 

 

Variable Unit Parameter Value 

  V1 V2 V3 V4 V5 

Inducer 

concentration 

mM 0.01 0.05 0.1 0.5 1 

Post induction 

temperature 

° C 20 25 30 35 40 

Post induction 

time 

h 2 3 4 5 6 

Agitation rate rpm 50 100 150 200 250 

pH _ 5 6 7 8 9 

 
The unit and parameter value for 

expression medium variables are not 

required 
Expression 

Medium 

Remark: the studied factor parameter values (V1, V2, V3, V4, V5) are 

listed in Table 1 

 
Table 2 The OFAT cultivation condition for improvement of 

xylanase production 

 
No Variables Cultivation condition 

Medium 
Temp. 

(°C) 
pH 

Speed 

(rpm) 

Time 

(h) 

IPTG 

Conc. 

(mM) 

1. Medium SF 30 5 200 6 0.01 

2. 
Temp. 

(°C) 
TB SF 5 200 6 0.01 

3. pH TB 25 SF 200 6 0.01 

4. Speed TB 25 7 SF 6 0.01 

5. Time TB 25 7 100 SF 0.01 

6. 
IPTG 

Conc. 
TB 25 7 100 5 SF 

*SF-Studied factor 

 

 

2.5.1 Expression Medium Selection 

 

The impact of the expression medium was examined 

using five different expression media. The formulations 

for each medium were listed in Table 3 below. The 

immobilized cells were expressed onto GO with 

0.01mM inducer concentrations at 30°C, 200 rpm, 100 

µg/ml ampicillin concentration and pH 5 for 24 hr of 

post induction time as shown in Table 2. 
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Table 3 The list of different expression media and formulation 
 

Ingredient 
Medium Type 

LB OB TB 2xYT M9 

YE (g/L) 5 5 24 10 - 

NaCl (g/L) 5 0.5 - 5 - 

Tryptone (g/L) 10 20 12 16 - 

KCl (g/L) - 0.186 - - - 

MgCl (g/L) - 2.4 - - - 

Glycerol (g/L) - - 4 - - 

KH2PO4 (g/L) - - 2.31 - - 

K2HPO4 (g/L) - - 12.54 - - 

MgSO4 (%) - - - - 0.024 

Glucose (%) - - - - 0.2 

NH4Cl (%) - - - - 0.1 

Na2HPO4 (%) - - - - 0.6 

NaCl (%) - - - - 0.05 

KH2PO4 (%) - - - - 0.3 

*YE- Yeast Extract, SOB- Super Optimal Broth, TB- Terrific Broth, 2xYT - 

2xYeast-Tryptone and M9- Minimal Medium 

 

 

2.5.2 Inducer Concentration  

 

The impact of the inducer concentration, isopropyl β-

D-1-thiogalactopyranoside (IPTG), was examined by 

using five different IPTG concentrations of 0.01, 0.05, 

0.1, 0.5 and 1 mM as shown in Table 1. The immobilized 

E. coli were expressed onto GO in TB medium with 100 

µg/ml ampicillin concentration at 25°C, 100 rpm and 

pH 7 for 24 hr of post induction time, as shown in Table 

2. 

 

2.5.3 Post Induction Temperature 

 

The impact of the post induction temperature was 

conducted at a certain differential temperature of 20, 

25, 30, 35 and 40 °C as shown in Table 1. The 

immobilized E. coli were expressed for 24 hr of post 

induction time onto the 0.01 g of GO in TB medium 

with 100 µg/ml ampicillin concentration at 200 rpm, pH 

5 and 0.01 mM IPTG concentration as shown in Table 

2. 

 

2.5.4 Post Induction Time  

 

The impact of post induction time on the immobilized 

cell was conducted at various times of 2, 3, 4, 5 and 6 

hr as shown in Table 1. The immobilized E. coli were 

expressed onto the 0.01 g of GO in TB medium with 100 

µg/ml ampicillin concentration at 25 °C, 100 rpm, pH 7 

and 0.01 mM IPTG concentration [24], as shown in 

Table 2. 

 

2.5.5 Agitation Rate  

 

The effect of shaking rate on the immobilized cell was 

determined at different speeds of 50, 100, 150, 200 

and 250 rpm as shown in Table 1. The immobilized E. 

coli were expressed onto the 0.01 g of GO in TB 

medium with 100 µg/ml ampicillin concentration at 25 

°C, pH 7 and 0.01 mM IPTG concentration for 24 hr of 

post induction time as shown in Table 2.    

2.5.6 pH Medium  

 

The effect of pH medium on immobilized cell was 

examined by carrying out the cell expression at 

several different pH conditions of 5, 6, 7, 8 and 9 as 

shown in Table 1. The types of buffer solutions used for 

the medium were Sodium-acetate buffer (pH 5), 

Phosphate-citrate buffer (pH 6), Sodium-phosphate 

buffer (pH 7 and pH 8) and Tris-HCl buffer (pH 9). The 

immobilized E. coli were expressed onto GO in TB 

medium with 100 µg/ml ampicillin concentration at 30 

°C, 200 rpm and 0.01 mM IPTG concentration for 24 hr 

of post induction time as shown in Table 2.    

 

2.6 Xylanase Activity Assay 

 

Xylanase excretion was evaluated by incubating 

appropriately diluted enzyme in sodium acetate 

buffer (pH 5.0) and temperature of 50˚C for 10 min by 

using a substrate solution of 1% (w/v) beechwood 

xylan (Merck). Reducing sugars were assayed by 

adding 500 μL of DNS (2-hydroxy-3, 5 dinitrosalicylic 

acid) reagent, boiling for 5 min, followed by cooling 

and reading the absorbance at 540 nm using UV-vis 

spectrophotometer. One unit of xylanase excretion 

was described as the amount of enzyme releasing 1 

μmol of reducing sugar (xylose equivalent) per min 

under the experimental condition [22,23]. 

 

2.7 Beta-Galactosidase Activity (Cell Lysis) Assay 

 

Cell lysis was measured by determining the quantity of 

β-galactosidase in the extracellular medium using 0- 

nitrophenyl-β-D-galactopyranosid (ONPG). A total of 

1 ml of substrate buffer consisting of 4 mg/ml of ONPG 

in 0.1 M phosphate buffer (pH 7.4) was added with 0.1 

ml of sample before it was incubated in 37°C water 

bath for 10 min. The absorbance at 420 nm was 

recorded after the reaction was ended by adding 0.5 

ml of 1 M sodium carbonate. One unit of xylanase 

excretion was described as the quantity of enzyme 

that forms 10-8 moles of ONPG per min under the 

investigation condition [22]. 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Expression Medium Selection 

 

The results showed that when xylanase was cultivated 

in LB and 2xYT medium, the activity was lower with 

0.035 U/ml and 0.032 U/ml, (Figure 4). Nevertheless, 

xylanase was slightly higher in SOB and M9 medium 

with 0.045 U/ml and 0.046 U/ml. Whereas, by using TB 

as a medium the xylanase excretion was highest with 

0.060 U/ml after 24 hr of induction time. The highest 

xylanase excretion was observed in TB medium may 

possibly due to the amount of carbon sources 

including yeast extract (24 g/L) and Tryptone (12 g/L) 

in the medium as it is the most essential source of 

* * 
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energy available in the medium for microorganisms 

[25]. The medium composition, specifically the 

constituent of yeast extract, salts and peptone can 

potentially improve the recombinant protein 

concentration [26-27]. Medium selection starts by 

altering the carbon sources of cultivation media as it 

is an important energy as well as nutritional factors for 

xylanase producing microorganisms and it is essential 

to ensure that the microbial cell manage to utilize 

carbon sources in the media [25]. Moreover, the 

addition of complex nitrogen sources such as tryptone 

present in LB enhanced the stability of plasmids. In 

fact, a complex medium that contains an abundance 

of amino acids to support protein expression in E. coli 

[1,22]. Meanwhile, the enhancement of high cell-

density culture could be reached in the shake flask 

fermentation by optimization or development of 

culture medium. 

Figure 4 The effect of expression medium on xylanase 

excretion and β-galactosidase activity of immobilized E. coli 

 

 

As shown in Figure 4, the lowest β-galactosidase 

activity was demonstrated in LB medium (0.254 U/mL), 

followed by M9 medium (0.400 U/mL), SOB medium 

(0.618 U/mL), TB medium (1.218 U/mL) and 2xYT 

medium (1.746 U/mL). The highest cell lysis 

demonstrated by 2xYT probably due to the low 

concentration of NaCl in the media that lead to an 

alteration in the electrochemical property of the cell 

wall. Hence, influence the way autolysis interacts with 

the cell walls which affect the cellular expansion and 

cause cellular lysis [28]. This was due to the cell wall 

contraction that led to an increase of electrostatic 

interaction among the charged of peptidoglycan 

groups, while the repulsion forces will effect on the 

swelling of the cell wall [28].  

 

3.2 Effect of Inducer Concentration on Xylanase 

Excretion and Cell Viability of Immobilized E. coli 

 

Figure 5 shows the xylanase excretion and β-

galactosidase activity obtained for the different IPTG 

concentrations. The uppermost excretion of xylanase 

excretion was perceived from 0.01 mM IPTG 

concentration (0.050 U/mL), followed by 0.05 mM 

(0.044 U/mL), 0.1 mM (0.043 U/mL), 0.5 mM (0.037U/mL) 

and 1.0 mM (0.036 U/mL). Meanwhile, the highest cell 

lysis activity was observed from 1.0 mM IPTG 

concentration (2.347 U/mL), followed by 0.5 mM (1.204 

U/mL), 0.1 mM (1.118 U/mL), 0.05 mM (1.065 U/mL), 

and 0.01 mM  (0.891 U/mL).  

 

Figure 5 The effect of IPTG concentrations on xylanase 

excretion and β-galactosidase activity of immobilized E. coli 

 

 

The xylanase excretion was 1.38 fold lower when 

the concentration of IPTG was increased from 0.01 M 

to 1.0 mM, indicating that a less inducer concentration 

is necessary to trigger the lac operon transcription for 

xylanase expression. The high amount of IPTG could 

depress the recombinant protein expression, causing 

low production of the target protein acquired during 

the process, as the high gene induction could lead to 

the accumulation of cytoplasmic inclusion bodies. 

Consequently, impairing the translocation and 

influence the cell expression ability [24]. In addition, 

the rise in toxicity level caused by IPTG will 

consequently effect on the synthesis of protein and 

altered the system function of the cells, as the 

optimum inducer concentration is depends on the cell 

system. Thus, the metabolic change occurs at 

particular IPTG concentration might occur at different 

concentrations of IPTG in another system [24,29]. 

Furthermore, the β-galactosidase activity of the cell 

was 1.13 fold higher or increased by 13% when the 

IPTG concentration was increased from 0.01 mM to 1.0 

mM due to the higher metabolic stress exposed to the 

cell when higher IPTG concentration was used to 

initiate the cell expression. Therefore, the generically 

applicable approach to increase the recombinant 

protein productivity is by minimizing the exposed stress 

on expression cell. Since, by reducing the inducer 

concentration could enhance the correct folding of 

recombinant proteins by allowing recombinant 

protein translation to proceed more slowly and 

reducing protein synthesis rate. 

 

 

  

* 
* 
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3.3 Effect of Post Induction Temperature on Xylanase 

Excretion and Cell Viability of Immobilized E. coli 

 

The results demonstrated that when the cells were 

cultivated at 30 °C, 35 °C and 40 °C of post induction 

temperature, the xylanase excretion was low with 

0.038 U/ml, 0.035 U/ml and 0.033 U/ml, as shown in 

Figure 6. Nevertheless, xylanase was slightly increased 

at 20 °C with 0.053 U/ml of unit activities. While at 25 

°C, the reaction for xylanase excretion demonstrated 

the highest activity with 0.057 U/ml after 24 hr 

induction time.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6 The effect of post induction temperature on xylanase 

excretion and β-galactosidase activity of immobilized E. coli 

 

 

The optimum temperature to be used for cell 

expression was supposed to be at temperature 25 °C. 

Thus, any alteration of cultivation temperature above 

or below the optimum temperature could lead to 

alteration in xylanase protein structure and change 

the three-dimensional shape or xylanase denaturation 

consequently altering its catalytic activities or its ability 

to bind substrates [30]. Resulting change in the 

reaction and lead to reduction in cellular metabolic 

activities rate, with subsequent inhibition in protein 

synthesis and cell growth [31].  

While, at the temperature of 30 °C, 35 °C, and 40 

°C, the xylanase excretion was declined probably due 

to the denaturation or inactivation of xylanase 

enzyme that cause the rate of enzyme catalyzed 

reaction to decrease [32-33]. According to Behnam et 

al. [34] and Patel & Gupte [35], most of the xylanases 

or proteins are receptive to be defective when being 

exposed to high temperature. Since such condition 

may limit the synthesis of essential proteins for 

microbial growth and other physiological processes 

which cause the thermal denaturation of protein and 

enzymes. 

The lowest β-galactosidase activity was 

demonstrated at 20 °C post induction temperature 

(0.020 U/mL), followed by 25 °C (0.135 U/mL), 40 °C 

(4.131 U/mL), 30 °C (6.149 U/mL) and 35 °C (8.461 

U/mL). According to the Papaneophytou & Kontopidis 

[26], even though an increase in temperature could 

stimulate the cells growth, it is adverse for protein 

excretion, since a faster growth rate could promote 

the mispartition of a construct vector and increase the 

plasmid free possibility. Moreover, the higher 

temperature could cause a metabolic stress on the 

microorganisms which may lead to increase in β-

galactosidase activity compared to the lower post-

induction temperature. Besides, the production of 

inclusion bodies could be inhibited by reducing the 

post induction temperature to reduce the protein 

synthesis rate. This approach has been validated 

practical for certain of difficult recombinant proteins 

[26]. 

 

3.4 Effect of Post-Induction Time on Xylanase 

Excretion and Cell Viability of Immobilized E. coli 

 

Figure 7 shows the xylanase excretion and β-

galactosidase activity obtained for five different 

induction time of cultivated cells. The uppermost 

excretion of xylanase excretion was obtained at 5 hr 

of induction time (0.042 U/mL), followed by 6 hr (0.039 

U/mL), 4 hr (0.038 U/mL), 3 hr (0.033U/mL) and 2 hr 

(0.028 U/mL). While, the highest cell lysis activity was 

observed at 3 hr (0.756 U/mL), followed by 2 hr (0.624 

U/mL), 4 hr (0.255 U/mL), 6 hr (0.148 U/mL), and 5 hr 

(0.075 U/mL). The best induction point was at the mid- 

log phase, which were equivalent to the 5 hr. During 

this time, the expression level of the cell was correlated 

with the highest xylanase excretion with the lowest β-

galactosidase activity (cell lysis) compared to the 2, 3, 

4 and 6 hr of post induction time. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7 The effect of induction time on xylanase excretion 

and β-galactosidase activity of immobilized E. coli 

 

 

This is in alignment with the previous studies by Nor 

et al. [36] which mentioned the common optimum 

point of induction time for recombinant enzyme 

expression in periplasmic space of E. coli is at the 

middle of log phase. This is because an effective 

enzyme expression involves an induction of host cell at 

the mid of log phase when the cell growth is at its 

maximum rate and both of the cell growth as well as 

protein translation were rapid [36-38].  

* 

* 

* 

* 
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Therefore, the recombinant protein production during 

cultivation process is influenced by the induction point 

and the length of induction process [36]. Extended 

induction time could elongate the metabolic load 

exposed to the cells which lead to an exhaustion of 

the nutrition sources in the media [36]. Thus, induction 

point is generally executed at the early mid-point of 

an exponential phase. However, the induction 

process can also be performed during the static point 

and even in the late of exponential phase as it 

depends on the type of system that was implemented 

for the process [26].  

 

3.5 Effect of Agitation Rate on Xylanase Excretion 

and Cell Viability of Immobilized E. coli 

 

Figure 8 demonstrates that when xylanase was 

cultivated at 50 rpm, 100 rpm and 250 rpm of agitation 

rate, the activity was lower with 0.049 U/ml, 0.054 U/ml 

and 0.050 U/ml, respectively. Nevertheless, xylanase 

was slightly increased at 200 rpm with 0.057 U/ml 

xylanase activities. Meanwhile, at 150 rpm condition, 

the xylanase excretion was highest with 0.060 U/ml 

after 24 hr induction time. The xylanase excretion of 

the immobilized cell at 50 rpm was lower compared to 

150 rpm may be due to improper mixing of the 

medium components that lead to the mass transfer 

limitations as well as limitation of the dissolved oxygen. 

Thus, the cells have lower metabolic energy and 

cellular activity that compulsory for the effectiveness 

of enzyme excretion. Consequently, it leads to the 

improper nutrients mixing and poor air dispersion that 

impacted on the cells development which 

consequently resulted in low protein excretion [24]. 

While, at higher agitation rate of 150 rpm, the higher 

xylanase excretion was generated. This may possibly 

due to the sufficient oxygen resource in cultivation 

medium when the cell was cultured at high agitation 

rate [24, 30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8 The effect of agitation rate on xylanase excretion 

and β-galactosidase activity of immobilized E. coli 

 

 

The lowest β-galactosidase activity was 

demonstrated at 50 rpm agitation rate (0.042 U/mL), 

followed by 100 rpm (0.116 U/mL), 150 rpm (0.324 

U/mL), 200 rpm (0.416 U/mL) and 250 rpm (0.436 U/mL) 

as shown in the Figure 8. At the high agitation speed 

of 250 rpm, the cell was correlated with 10.38-fold 

higher of cell lysis activity compared to the cell 

cultured at 50 rpm. This was due to the higher shear 

stress generated at the higher shaking rate that effect 

negatively on cell development. As the agitation rate 

increases to 250 rpm, a lower xylanase excretion was 

gained. Thus, a faster shaking rate would lead to a 

notable rising in β-galactosidase activity caused by 

the shear stress produced by higher agitation rate 

which in turn bring about the negative effects on the 

strains. For instance, the detachment of cells from the 

immobilization matrix to the medium and the further 

metabolic stress on the cells which in turn cause the 

occurrences of autolysis and cells rupture [24,39]. 

 

3.6 Effect of pH Selection on Xylanase Excretion and 

Cell Viability of Immobilized E. coli 

 

The results in Figure 9 demonstrated that when 

xylanase was cultivated at pH 8.0 and 9.0, the activity 

was low with 0.048 U/ml and 0.047 U/ml, respectively. 

Nevertheless, xylanase was slightly stable at pH 7.0 

and 6.0 with 0.052 U/ml and 0.049 U/ml respectively. 

While at pH 5.0 the xylanase excretion was the lowest 

with 0.037 U/ml. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9 The effect of pH on xylanase excretion and β-

galactosidase activity of immobilized E. coli 

 

 

The maximum xylanase excretion demonstrated at 

pH 7.0 (0.052 U/ml) with soluble xylan as the carbon 

source and substrate. Hence, it showed that the 

xylanase enzyme was stable in surroundings where the 

pH is retained near neutral conditions. In several 

experimental conducted with lower pH values, the 

protein excretion was too low [40]. This described that 

the optimum pH for isolated xylanases from different 

bacterium are at neutral pH condition and the 

xylanase isolated from Aspergillus fumigatus was 

active in the pH range from 6.0 to 8.0 [41]. 

Consequently, any alteration in the pH above or lower 

its optimum range can possibly change the three-

dimensional structure of an enzyme and consequently 

lead to a drop in enzymatic activity due to the protein 

instability and inactivation [42].  

* 

* 

* 

* 
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Meanwhile, the lowest β-galactosidase activity was 

demonstrated in pH 5 (0.97 U/mL), followed by pH 7 

(1.89 U/mL), pH 9 (1.97 U/mL), pH 6 (2.28 U/mL) and pH 

8 (2.31 U/mL). Based on Ramírez-Nuñez et al. [28], the 

increased in bacteria cell autolysis under acidic 

environment and low salt concentration is due to the 

elastic, flexible and extensible of the cell wall. 

Peptidoglycan is accountable for bacterial cell wall 

properties and if it is enzymatically damaged by 

autolysis, it will become to be water-soluble and 

unable to work as structural mechanical support to 

produce cellular lysis. The alterations in the 

electrochemical property of the bacterial cell wall 

influence the change of autolysis adhesion which 

leads to the peptidoglycans hydrolysis [1]. 

The most encouraging environment for 

immobilized cells to excrete enzyme is neutral 

condition that correlated with lower autolysis 

compared to acidic pH. The higher H+ ions can cause 

the formation of unstable biofilm and weak 

attachment due to the cations repulsive forces [24]. 

Thus, by varying pH medium condition consequently, 

it can affect autolysis interaction and electrochemical 

properties in the cell wall, thus causing expansion or 

contraction of the cell wall as well as decreasing or 

increasing cellular lysis [28]. 

 

 

4.0 CONCLUSION 
 

The Terrific Broth (TB) provided an optimal expression 

medium as it is correlated to lower cell lysis along with 

the better maintenance of plasmid stability and 

higher xylanase excretion. TB did not only prevent 

nutrient inadequacy but also prevent protease 

activity by supplying complete enzyme substrates. 

Hence, cells grown in TB did not need to synthesize 

most of the precursor molecules as they were already 

present in the medium. Moreover, lower proportion of 

IPTG at 0.01 mM, lower post-induction temperature 

(25°C), post-induction time of 5 hours, neutral pH, 150 

rpm, were significantly improved the xylanase 

excretion of immobilized cell with high cell stability. The 

less inducer concentration was necessary to trigger 

the lac operon transcription for xylanase expression 

and improved the correct folding of recombinant 

protein translation by allowing recombinant protein 

translation to occur slowly and lowering the metabolic 

burden imposed to the cells during protein synthesis.  

The lower temperature provided an adequate period 

for protein to fold properly. Apart from that proper 

mixing of the medium components will lead to good 

mass transfer as well as sufficient availability of 

dissolved oxygen. The neutral pH condition (pH 7) was 

the most suitable environment for the immobilized cell 

to obtain the high xylanase production and maintain 

plasmid stability with less occurrence of cell lysis. It was 

due to the strong attachment of the cell onto the GO. 

Too low or too high pH can impose too much stress on 

metabolic process of the cells.  
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