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 Glucose oxidase (GOX) from Aspergillus niger catalyzes the oxidation of β-D-glucose 

to δ-gluconolactone and hydrogen peroxide, making it valuable for industrial 

applications. Intracellular GOX exhibits higher activity than its extracellular counterpart. 

This study focuses on enhancing the extracellular production of GOX through 

recombinant DNA technology. This study aimed to reconstruct the GOX gene by adding 

XhoI sites at both ends, inserting a glu-ala-glu-ala spacer at the 5' end, and introducing 

an XbaI site at the 3' end. These modifications facilitate the cloning of the GOX-Xho 

gene into the pTA2 vector and its subsequent ligation into the pPICZαB expression 

vector, allowing for extracellular production of GOX through fusion with the α-mating 

factor (α-MF) signal peptide. The GOX-Xho gene was successfully amplified, cloned, 

and characterized. The pTA2-GOX-Xho recombinant plasmid was verified through 

sequencing and restriction analysis, confirming the present and correct orientation of the 

1797 bp GOX-Xho gene. However, sequencing revealed several point mutations, 

necessitating further computational analysis to predict their impact on the enzyme's 

structure and function before recombinant protein expression.  
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1. INTRODUCTION  
Glucose oxidase (GOX; EC 1.1.3.4) is an 

oxidoreductase enzyme that catalyzes the oxidation 

reaction from β-D-glucose in producing δ-

gluconolactone and hydrogen peroxide (H2O2). 

Although animals and plants can produce GOX 

enzymes, microorganisms are preferred sources due to 

their higher yield and cost-effectiveness1. GOX 

enzymes can be produced by several species of fungi, 

including Penicillium, Talaromyces, and Aspergillus. 

Among these, Aspergillus niger is predominantly 

utilized in industrial applications2. A promising isolate 

for GOX production is A. niger IPBCC 08.610, 

sourced from the Dryobalanops plants in Tarakan, 

South Kalimantan. 

This locale isolates A. niger IPBCC 08.610 

and demonstrates significant potential for large-scale 

GOX production. Nonetheless, the specific activity of 

the GOX enzymes produced intracellularly was higher 

than that of the enzyme produced extracellularly. The 

specific activity of GOX produced intracellularly by 

this isolate exceeds 1000 U/mg, while extracellular 

production yields less than 50 U/mg3. Despite the 

preference for extracellular enzyme production in 

industrial settings due to reduced purification steps 

and lower production costs4, the high intracellular-

specific activity necessitates alternative production 

methods. Recombinant enzyme production, involving 

gene cloning and expression in a suitable vector, is a 

viable approach to meet this need. Before proceeding, 

it is necessary to clone the gene into the cloning vector 

to ensure the incorporation of additional features, such 

as the restriction site. 

The GOX IPBCC 08.610 gene was cloned 

into the pGEM®T-Easy vector5, incorporating two 

restriction sites, XhoI and XbaI6. Previous attempts to 

digest and ligate the GOX gene using XhoI and XbaI 

were unsuccessful due to Dam methylation 

http://issn.pdii.lipi.go.id/issn.cgi?daftar&1438149561&1&&
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1476693164&1&&
https://journal.uinjkt.ac.id/index.php/valensi
https://crossmark.crossref.org/dialog/?doi=10.15408/jkv.v10i1.34258&domain=pdf
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interference at the XbaI recognition site7. An 

alternative strategy involves cleaving the GOX gene. 

It used XhoI sites, facilitating alignment with the α-

mating factor (α-MF) signal peptide for extracellular 

production. Following the construction of the GOX-

Xho gene, it was ligated into the pPICZαB expression 

vector. Additional features were introduced into the 

GOX IPBCC 08.610 gene using PCR, including XhoI 

sites at both the 5' and 3' ends, an XbaI site at the 3' 

side, and a Kex2 cleavage site with a spacer peptide 

(glu-ala-glu-ala) at the 5' side. 

The gene was then characterized before 

ligation into the expression vector. The pTA2 cloning 

vector, featuring a single thymine (T) overhang, was 

selected for its efficiency in rapid and straightforward 

cloning processes8. The pTA2 vector, measuring 2981 

bp8, was used to clone the GOX gene, which has an 

Open Reading Frame (ORF) of 1749 bp6. It is 

hypothesized that the pTA2-GOX-Xho recombinant 

plasmid will have a length of about 4700 bp. This 

research aims to clone the GOX-Xho gene into the 

pTA2 plasmid, characterize the cloning results, and 

transform the recombinant plasmid into Escherichia 

coli DH5α cells. The transformation process will be 

validated using a white-blue selection method. The 

study involves the construction of the GOX-Xho gene, 

sequencing, and restriction patterns analysis of the 

pTA2-GOX-Xho recombinant plasmid to confirm the 

plasmid's size and integrity. 

2. RESEARCH METHODS  
Materials 

The research utilized E. coli DH5α cells. The 

vector employed was Target Clone/pTA2 

(TOYOBO). The primer pair used was FPII-GOX-

Xho and RPII-GOX-Xho, with sequences provided in 

Table 1. The enzymes included the restriction enzyme 

XbaI kit (Thermo Scientific), RNAse A (Thermo 

Scientific), 2X MyTaq™ HS Red Mix (Bioline), and 

the T4 DNA Ligase kit (Vivantis). The medium used 

was Luria Bertani (LB: 1% tryptone, 1% NaCl, 0.5% 

yeast extract: for agar plate, it was added 1.5% 

bacteriological agar), SOC Outgrowth medium (NEB: 

2% vegetable peptone, 0.5% yeast extract, 10 mM 

NaCl, 2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO4, 

20 mM glucose). Other reagents used were ampicillin, 

IPTG (Isopropyl β-D-1-thiogalactopyranoside), X-gal 

(5-bromo-4-kloro-3-indolyl-β- d -galactopyranoside), 

solution I (1 M glucose, 1 M Tris-Cl, 0.5 M EDTA, 

and distilled water), solution II (0.2 N NaOH, 1% 

SDS, and distilled water), solution III (5 M potassium 

acetate, glacial acetic acid, and distilled water), 

chloroform, isoamyl alcohol, EtOH, TE buffer pH 8.0, 

isopranol, QIAquick PCR Purification kit, nuclease-

free water (NFW), agarose gel (TOPVISION), and 

TAE 50× buffer (Thermo Scientific). 

Table 1. Sequences of primer pair FPII-GOX-Xho dan RPII-GOX-Xho designed using 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/ 

 

Primer Sequences 

FPII-GOX-Xho 5’-TAACTCGAGAAAAGAGAAGCTGAAGCTAGCAATGGCATTGAAGCC-3’ 

RPII-GOX-Xho 5’-AAACTCGAGTCATTCTAGAGACTGCATGGAAGCATAATCCGCCAA-3’ 

Notes: bold font:  XhoI restriction site, italic font: Kex2 cleavage site and spacer peptide EAEA, underline font: XbaI 

restriction site. 

Addition of restriction sites into GOX-Xho gene 

using PCR 

PCR amplified the GOX gene fragment6 was 

amplified by PCR. The PCR reagent mixture consisted 

of 23 µL NFW, 25 µL 2X MyTaq HS Red Mix, 0.5 

µL primer FPII-GOX-Xho (10 µM), 0.5 µL primer 

RPII-GOX-Xho (10 µM), and 1 µL GOX gene 

fragment. PCR conditions are shown in Table 29. PCR 

products were visualized using 1% agarose gel 

electrophoresis and purified using the QIAquick PCR 

Purification Kit. 

 

Ligation of the GOX-Xho gene into the Target 

Clone plasmid (pTA2) 

The GOX-Xho gene fragment was quantified 

using Nanodrop Spectrophotometer to determine 

DNA purity based on the A260/280 and A260/230 ratio 

values. Ligation is carried out with a ratio of DNA 

insert:vector, namely 1:1. The ligation reagent mixture 

consisted of 1 µL pTA2 (50 ng/µL), 4 µL GOX-Xho 

gene (6.3 ng/µL), 2 µL 10X Buffer Ligase, 2 µL T4 

DNA ligase (100 U), and NFW to a final volume of 20 

µL. The mixture was incubated at 16 ˚C overnight and 

then inactivated at 65 ˚C for 15 minutes10. 

 

Transformation of pTA2-GOX-Xho into E. coli 

DH5α 

A 10 µL ligation mixture was added to 50 µL 

of E. coli DH5α competent cells in a 1.5 mL 

microtube. The transformation is carried out using the 

heat shock method. Cells in 1.5 mL microtubes were 

incubated on ice for 30 minutes, subjected to heat 

shock treatment at 42 ̊ C for 90 seconds, and incubated 

again on ice for 2 minutes. A total of 150 µL of SOC 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Medium was added to the culture, which was then 

incubated for 3 hours at 37 °C. Subsequently, 100 µL 

of the culture was spread on LB agar plates containing 

100 µg/mL ampicillin, IPTG, and X-Gal. The plates 

were incubated overnight at 37 °C10. 

Table 2. PCR conditions of GOX-Xho gene amplification9 

Stage 
Temperature 

(°C) 

Time 

(minutes) 

Number 

of cycles 

Initial 

denaturation 
95 5 1 

Denaturation 95 0.5 

10 Annealing 52 0.5 

Extension 72 1.5 

Denaturation 95 0.5 

25 Annealing 61 0.5 

Extension 72 1.5 

Final 

extension 
72 5 1 

 

Isolation of Plasmid pTA2-GOX-Xho 

White colonies that grew on LB agar 

containing ampicillin, IPTG, and X-gal were cultured 

in 3 mL of LB broth with ampicillin and incubated 

overnight at 37 °C. One milliliter of this culture was 

transferred to a 1.5 mL microtube and centrifuged at 

13,000 rpm for 2 minutes, after that, the supernatant 

was discarded. The pellet was resuspended in 150 µL 

of alkaline lysis solution I and homogenized by 

vortexing. Next, 200 µL of alkaline lysis solution II 

was added, and the tube was inverted 4-6 times. It was 

followed by adding of 300 µL of alkaline lysis solution 

III, inverting the tube 4-6 times, and centrifuging at 

13,000 rpm for 10 minutes. Subsequently, 300 µL of 

the supernatant was transferred to a new 1.5 mL 

microtube. An equal volume (300 µL) of cold 

isopropanol was added, the tube was inverted 4-6 

times, incubated at -80 °C for 15 minutes, and 

centrifuged at 13,000 rpm for 10 minutes. The 

supernatant was discarded, and 600 µL of 70% ethanol 

was added, followed by another centrifugation at 

13,000 rpm for 10 minutes. After discarding the 

supernatant, the tube was air-dried. Finally, 25 µL of 

TE-RNase buffer was added to the microtube. The 

plasmids were then visualized on a 1% agarose gel10. 

 

Purification of the pTA2-GOX-Xho Plasmid 

A total of 180 µL of 10 mM Tris-Cl buffer pH 

8 was added to the microtube containing pTA2-GOX-

Xho, then 200 µL of chloroform: isoamyl alcohol 

(24:1) was added. The mixture was homogenized by 

vortexing for 1 minute and then centrifuged at 12,000 

rpm for 10 minutes. 180 µL of liquid phase was 

transferred to a new 1.5 mL microtube. 5 M potassium 

acetate was added until the final concentration of the 

mixture was 0.75 M, and then the mixture was 

homogenized. A 2.5 volume of 100% EtOH was added 

to the mixture and then centrifuged at a speed of 

12,000 rpm for 20 minutes at a temperature of 4 ˚C. 

The supernatant was discarded, and then 300 µL of 

80% EtOH was added and homogenized by vortexing. 

The mixture was centrifuged at 12,000 rpm for 20 

minutes at 4 ˚C. The supernatant was discarded, and 

the pellet was air-dried. A total of 25 µL of 10 mM 

Tris-Cl buffer pH 8 was added to the microtube10. 

 

Confirmation of the GOX-Xho gene using PCR  

PCR confirmed the presence of the GOX-Xho 

gene in the pTA2-GOX-Xho plasmid. The PCR 

reagent mixture consisted of 23 µL NFW, 25 µL 2X 

MyTaq HS Red Mix, 0.5 µL FPII-GOX-Xho (10 µM), 

0.5 µL RPII-GOX-Xho (10 µM), and 1 µL plasmid 

pTA2-GOX-Xho. PCR conditions are shown in Table 

2. The PCR products, a visual representation of our 

findings, were carefully visualized using 1% agarose 

gel electrophoresis. 

 

Analysis of Restriction Patterns 

The digestion reagent mixture with XbaI 

consisted of 5 µL (1 µg) pTA2-GOX-Xho, 2 µL10X 

Tango Buffer, two µL XbaI (10 U/µL), and NFW to a 

volume of 20 µL. The mixture was incubated at 37 ˚C 

for 7 hours and continued overnight at room 

temperature11. Restriction results were visualized 

using 1% agarose gel electrophoresis. The purified 

pTA2-GOX-Xho plasmid was quantified using a 

NanoDrop Spectrophotometer. 

 

Determination of the Nucleotide Sequence of 

Recombinant Plasmid 

Nitrogen base sequencing was carried out 

using the T7 Promoter forward primer and the T3 

binding site reverse primers. The isolated plasmids 

were sent to First Base Company in Malaysia to 

determine the nucleotide sequence. 
 

3. RESULTS AND DISCUSSION  
Addition of restriction sites into GOX-Xho gene 

using PCR 

The GOX gene consists of 1818 bp, which 

includes 66 bp signal peptide, 1749 bp open reading 

frame (ORF), and three bp stop codons. PCR 

amplification of the GOX gene using primers FPII-

GOX-Xho and RPII-GOX-Xho resulted in a 1797 bp 

amplicon. It includes the 1749 bp ORF and 48 bp of 

additional sequences, which encompass XhoI 

restriction sites, a Kex2 cleavage site and glu-ala-glu-

ala (EAEA) peptide spacer at the 5' side, and an XbaI 

restriction site and stop codon at the 3' side. The 

electropherogram of GOX-Xho gene amplification is 

shown in Figure 1. 

The additional XhoI sites introduced by PCR 

ensure that the GOX gene can be ligated into the 
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pPICZαB expression plasmid in frame with the α-

mating factor (α-MF) signal peptide, enabling 

extracellular secretion of the GOX enzyme. Digestion 

of pPICZαB with XhoI removes the Kex2 cleavage 

site and the EAEA spacer peptide, which contributes 

to the precise cleavage of pre-pro-proteins and 

maintains the proper arrangement and folding of the 

protein of interest. It ensures efficient processing and 

secretion within the Pichia expression system12. 

Therefore, the endoprotease Kex2 cleavage site and 

spacer peptide EAEA were added to the GOX gene. 

The addition of an XhoI restriction site at the 3' end of 

the GOX prevents fusion with the c-myc epitope and 

a polyhistidine tag (6×His-tag) on pPICZaB which 

facilitates the purification of the recombinant 

protein13. An XbaI restriction site was added before the 

XhoI restriction site at the 3' end to enable gene fusion 

with the c-myc epitope and 6×His-tag. 

 

 
Figure 1. Electropherogram of GOX-Xho gene. 

DNA Ladder (M), GOX-Xho gene amplicon (1). 

 

Ligation of the GOX-Xho gene into the Target 

Clone plasmid (pTA2b) 

The purified GOX-Xho gene was then 

quantified using a NanoDrop Spectrophotometer to 

determine the gene concentration and DNA purity 

based on the absorbance ratio of 260 nm to 280 nm 

(A260/280) and the absorbance ratio of 260 nm to 230 

nm (A260/230). Table 3 shows the GOX-Xho gene 

quantification data. DNA purity is determined based 

on the A260/280 ratio with a range of 1.8-2.0 and the 

A260/230 ratio of 2.0-2.214. The GOX-Xho gene has an 

A260/280 ratio value of 2.05, which indicates that the 

GOX-Xho gene is pure from contaminants that have 

absorbance at a wavelength of 280 nm, such as phenol 

and protein10. However, the A260/230 ratio was low at 

0.06, likely due to contaminants such as EDTA and 

Guanidine HCl from the purification process that 

absorbs a wavelength of 230 nm10. 

The purified GOX-Xho gene was ligated into 

the pTA2 plasmid using a 1:1 ratio of plasmid to 

insert. Plasmid pTA2 has a size of 3 kb, while the 

GOX-Xho gene is 1.8 kb. pTA2 is a linear cloning 

plasmid with a hanging thymine (T) base, compatible 

with PCR products generated by Taq DNA 

Polymerase, which adds an adenine (A) overhang at 

the 3' end15,16. The ligation was facilitated by T4 DNA 

ligase, forming phosphodiester bonds between the 

DNA ends17. 

Table 3. Quantification of GOX-Xho and pTA2-GOX-

Xho genes using NanoDrop Spectrophotometer 

 
DNA Concentration 

(ng/µL) 

A260/280 A260/230 

GOX-Xho 6.3 2.05 0.06 

pTA2-GOX-Xho 220.7 1.75 1.12 

 

Transformation of pTA2-GOX-Xho into E. coli 

DH5α 

Blue and white selection is carried out to 

select for the presence of recombinant plasmids in 

bacterial cells. The successful transformation resulted 

in white colonies due to the disruption of the lacZ 

gene, preventing β-galactosidase activity and thus the 

hydrolysis of X-gal substrate (5-bromo-4-chloro-3-

indolyl-β-D-galactopyranoside) into blue compound 

5,5'-dibromo-4,4'-dichloro-indigo18. 

 

 
Figure 2. The transformation results of pTA2-GOX-Xho 

on E. coli DH5α 

 

Isolation and Purification of Plasmid pTA2-GOX-

Xho  

Isolation of pTA2-GOX-Xho from E. coli 

DH5α was performed using the alkali lysis method 

and purification by extraction method with organic 

solvents, namely chloroform and isoamyl alcohol. The 

purified plasmid pTA2-GOX-Xho shown in Table 3 

has a concentration of 220.7 ng/µL and an A260/280 ratio 

value of 1.75, which indicates that the plasmid is pure 

from contaminants such as phenol and protein10. 

However, the A260/230 ratio was low at 1.12, likely due 

to contaminants such as EDTA and Guanidine HCl10.  

The Alkali lysis method yielded higher 

quantities of plasmid DNA than other methods, such 

as boiling lysis and miniprep with kits. Unfortunately, 

it has the highest RNA contamination19 as shown in 

Figure 3A. RNA contamination can be digested using 

RNAse and then purified by liquid-liquid extraction 

with organic solvents, namely chloroform and isoamyl 

alcohol. Contaminants other than DNA, such as 
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proteins, lipids, and cell debris, will be in the organic 

phase, while DNA will be in the water phase20. 

Plasmid DNA that has been purified will be free from 

RNA and other contaminants, as shown in Figure 3B. 

The linear pTA2 plasmid is 2981 pb in size, 

and while the results of plasmid isolation show that E. 

coli DH5α cells transformed pTA2-GOX-Xho 

produce circular plasmids as seen from the 

electropherogram of plasmid isolation results formed 

two bands. The two bands are the conversion of 

circular plasmids in relaxation conditions into 

supercoiled plasmids so that migration on agarose gels 

produces more than one band21. The presence of these 

two bands indicates that gene ligation with plasmids 

successfully produces circular DNA. 

 

 
Figure 3. Electropherograms of pTA2-GOX-Xho isolated from E. coli DH5α 

DNA Marker (M), before adding RNAse (A) and after purification (B). 

 

Confirmation of the GOX-Xho gene using PCR 

PCR amplification confirmed the presence 

of the GOX-Xho gene in the pTA-GOX-Xho 

template, yielding a specific 1797 bp amplicon 

consistent with the positive control (Figure 4). 

Non-target amplicons were likely due to 

suboptimal annealing temperatures22,23. 

 

 
Figure 4. Electropherogram of GOX-Xho gene 

amplification. DNA Marker (M), pTA-GOX-Xho as a 

template (1-5), positive control GOX gene fragment 

(K+), and negative control (K-). 

 

Analysis of Restriction Patterns and Nucleotide 

Sequence of Recombinant Plasmid  

The restriction pattern of pTA2-GOX-Xho 

was analyzed using XbaI. An XbaI restriction site 

is in the pTA2 multi-cloning site, located several 

bases downstream of the cloning insert region. 

XbaI digestion can be used to determine the 

orientation of the GOX-Xho gene cloned into 

pTA2 because the GOX-Xho gene has an XbaI 

restriction site on its 3' end. If the GOX-Xho gene 

clone is positively oriented (5' to 3'), digestion with 

XbaI will produce a single band measuring 4.7 kb 

consisting of 2.9 kb of pTA2 and 1.8 kb of the 

GOX-Xho gene. Conversely, if the GOX-Xho gene 

clone is negatively oriented (3' to 5'), digestion 

with XbaI will produce two bands, each measuring 

2.9 kb of pTA2 and 1.8 kb of the GOX-Xho gene. 

A single band of 4.7 kb indicated the positive 

orientation of the GOX-Xho gene within the 

plasmid, as shown in Figure 5.  

 
Figure 5. Electrophoregram restriction with XbaI 

DNA Marker (M), aftrer restriction (1) and before 

restriction (2). 

 

The orientation of the GOX-Xho gene was 

confirmed by sequencing. The sequencing of 

pTA2-GOX-Xho was carried out using the 

universal T7 Promoter forward primer and T3 

Binding Site reverse primer. These primers were 

used to verify the presence and orientation of the 
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GOX-Xho gene. The sequencing results indicated 

that the gene was inserted in a positive orientation. 

Sequencing with the T7 Promoter forward primer 

revealed the presence of HindII, EcoRV, and 

EcoRI restriction sites within the multiple cloning 

site area, as well as the GOX-Xho gene, which 

included an additional XhoI (C^TCGAG) 

restriction site at the 5' end, Kex2 cleavage site 

(AAAAGA) and a spacer peptide EAEA 

(GAAGCTGAAGCT), as shown in Figure 6A. 

Sequencing with the T3 Primer Binding Site 

reverse primer identified XbaI, SpeI, BamHI, SmaI, 

PstI, and EcoRI restriction sites within the multiple 

cloning site, along with the GOX-Xho gene 

featuring the addition of XhoI and XbaI 

(T^CTAGA) restriction sites at the 3' end as 

depicted in Figure 6B. The sequencing results 

confirmed that the GOX-Xho gene is 1797 bp, 

comprising 1749 bp of ORF and 48 bp of additional 

features.  

BLAST (Basic Local Alignment Search 

Tool) analysis is used to identify nucleotide 

sequence similarities based on local alignment 

between the query sequence and the target 

sequence found in the database24. The analysis 

revealed that the GOX-Xho sequence in pTA2-

GOX-Xho shares similarities with the GOX gene 

of A. niger IPBCC 08.610 (99.66%), A. niger Z-25 

(98.40%), and A. costaricaensis CBS115574 

(98.34%). Figure 7 illustrates the alignment of 

GOX-Xho amino acids with those of A. niger 

IPBCC 08.610 (AYH52696.1). 

 
Figure 6. pTA2-GOX-Xho sequence 

Forward primer T7 Promoter (A) and reverse primer T3 Primer Binding Site (B) 

 

 
Figure 7. Alignment of GOX-Xho amino acids with GOX amino acids of A. niger IPBCC 08.160 (AYH52696.1). Red 

mark indicates the position of the mutation on GOX-Xho gene.  
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The BLAST analysis results indicate that 

the similarity percentage between GOX-Xho and 

the GOX gene of A. niger IPBCC 08.610 did not 

reach 100%. This difference can be attributed to 

several factors:66 bp in the signal peptide and three 

bp in stop codons from the GOX gene, an addition 

of 48 bp of features in the GOX-Xho gene, and the 

presence of several mutations in the GOX-Xho 

gene. Mutations are alterations in the sequence of 

nucleotide bases in a gene, manifesting as point 

mutations—changing one nucleotide base to 

another—or as insertions and deletions. It causes 

shifts in the nucleotide sequence DNA polymerase 

in synthesizing and replicating polynucleotides, 

cause nucleotide sequencemismatches25.  

The GOX-Xho gene exhibited several 

point mutations, leading to changes in amino acids, 

notably at positions I23V, M480L, H516Q, and 

M523V, as shown in Table 4. The active site of 

GOX is located at residues glutamic acid (E)412, 

H516, and H559. Notably, H516 is crucial for 

facilitating proton transfer from glucose. Mutations 

can alter enzyme properties, affecting both 

structure and function, potentially enhancing 

flexibility and catalytic activity26. 

Computational methods such as molecular 

dynamics suggest that changing the amino acid 

H559 to aspartic acid (D) could theoretically 

reduce the Km value, which is beneficial for 

gluconic acid production27.  Similarly, modifying 

the amino acids H516 to arginine (R) and aspartic 

acid (D) may increase the Km value, potentially 

enhancing GOX activity in enzymatic fuel cells28. 

For instance, a mutation in the active site of GOX 

from Penicillium amagasakiense, changing R516 

to Q516, resulted in a 120-fold increase in the 

apparent Km value29. Computational modeling is 

essential for predicting how mutations affect the 

structure and activity of GOX.  

 

Table 4. Amino acid changes of the GOX-Xho gene before and after mutation 

 

Mutant Amino acid Codon 

position *ORF 

Codon 

Before mutation After mutation Before mutation After mutation 

I23V I23 V23 65-69 ATC GTC 

M480L M480 L480 1436-1439 ATG TTG 

H516Q H516 Q516 1571-1574 CAT CAA 

M523V M523 V523 1592-1593 ATG GTG 

Notes: I = isoleucine, V = valine, M = methionine, L = leucine, H = histidine, Q = glutamine 

4. CONCLUSIONS  
The GOX-Xho gene was successfully 

modified using the PCR method, incorporating 

additional features. This includes the insertion of 

the XhoI restriction sites at both 5' and 3' ends, a 

Kex2 cleavage site, an EAEA peptide spacer at the 

5' end, an XbaI restriction site, and a stop codon at 

the 3' end, resulting in a sequence of 1797 bp 

comprising an ORF of 1749 bp and 48 bp of 

additional features. Restriction analysis of pTA2-

GOX-Xho with XbaI indicated that the GOX-Xho 

gene was inserted in a positive orientation. 

Sequencing results identified mutations in the 

GOX-Xho gene, highlighting the importance of 

further investigation into their effects on the 

enzyme's structure and function before proceeding 

with recombinant protein expression. 

 

REFERENCES 
1. Wang F, Chen X, Wang Y, et al. Insights into 

the Structures, Inhibitors, and Improvement 

Strategies of Glucose Oxidase. Int J Mol Sci. 

2022;23(17). doi:10.3390/ijms23179841 

2. Marín-Navarro J, Roupain N, Talens-Perales D, 

Polaina J. Identification and Structural Analysis 

of Amino Acid Substitutions that Increase the 

Stability and Activity of Aspergillus niger 

Glucose Oxidase. PLoS One. 

2015;10(12):e0144289. 

https://doi.org/10.1371/journal.pone.0144289 

3. Putri RP. Produksi Dan Pemurnian Enzim 

Glukosa Oksidase (EC 1.1.3.4) Dari Isolat 

Aspergillus Niger (IPBCC.08.610). Institut 

Pertanian Bogor (IPB); 2012. 

4. Fasim A, More VS, More SS. Large-scale 

production of enzymes for biotechnology uses. 

Curr Opin Biotechnol. 2021;69:68-76. 

doi:https://doi.org/10.1016/j.copbio.2020.12.00

2 

5. Kurniatin PA, Ambarsari L, Khanza ADA, 

Setyawati I, Seno DSH, Nurcholis W. 

Characteristics of Glucose Oxidase Gene 

(GGOx) from Aspergillus niger IPBCC 08.610. 

J Kim Val. 2020;6(1):9-18. 

doi:10.15408/jkv.v6i1.9440 

6. Putri RA. Konstruksi Gen Glukosa Oksidase 

Untuk Subkloning Ke Dalam Plasmid PPICZα 

Dengan Penambahan Oligonukleotida 

Penyandi Spacer Peptida. Institut Pertanian 

Bogor (IPB); 2020. 



Jurnal Kimia Valensi, Vol 10 (2), November 2024, 155 - 162 

Aryani et al. | 162 

 

7. Medina GN, de los Santos T, Díaz-San Segundo 

F. Generation of Replication Deficient Human 

Adenovirus 5 (Ad5)Adenovirus 5 (Ad5) 

Vectored FMD VaccinesFMD vaccines. In: 

Brun A, ed. Vaccine Technologies for 

Veterinary Viral Diseases: Methods and 

Protocols. Springer US; 2022:155-175. 

doi:10.1007/978-1-0716-2168-4_9 

8. TOYOBO. Instruction Manual TArget Clone 

2004. TOYOBO CO., LTD; 2004. 

9. Aryani H, Akbar NF, Kurniatin PA, Fuad AM, 

Ambarsari L. Optimization of PCR Conditions 

for Adding Xho I Restriction Sites to the 

Glucose Oxidase Gene of Aspergillus niger 

IPBCC 08 . 610. Curr Biochem. 2024;11(1):14-

23. doi:https://doi.org/10.29244/cb.11.1.2 

10. Sambrook J, Russel D. Molecular Cloning : A 

Laboratory Manual. Third edition. Cold Spring 

Harbor, N.Y. : Cold Spring Harbor Laboratory 

Press, [2001] ©2001; 2001. 

https://search.library.wisc.edu/catalog/9998979

24602121 

11. Thermo Scientific. Xbal Product Information. 

Thermo Sci Prod Inf. Published online 2012:9-

11. 

https://tools.thermofisher.com/content/sfs/man

uals/MAN0012177_XbaI_10_UuL_1500U_U

G.pdf 

12. Gaffar S. Produksi Protein Rekombinan Dalam 

Sistem Ekspresi Pichia Pastoris.; 2010. 

13. Zhao L, Geng J, Guo Y, et al. Expression of the 

Thermobifida fusca xylanase Xyn11A in Pichia 

pastoris and its characterization. BMC 

Biotechnol. 2015;15(1). doi:10.1186/s12896-

015-0135-y 

14. Bunu SJ, Otele D, Alade T, Dodoru R. 

Determination of serum DNA purity among 

patients undergoing antiretroviral therapy using 

NanoDrop-1000 spectrophotometer and 

polymerase chain reaction. Biomed Biotechnol 

Res J. 2020;4(3):214-219. 

doi:10.4103/bbrj.bbrj_68_20 

15. Ayling C. TA Cloning Approaches to Cloning 

DNA with Damaged Ends DNA. In: Scarlett G, 

ed. DNA Manipulation and Analysis. Springer 

US; 2023:55-64. doi:10.1007/978-1-0716-

3004-4_5 

16. Dabney J, Meyer M, Pääbo S. Ancient DNA 

damage. Cold Spring Harb Perspect Biol. 

2013;5(7):a012567. 

17. Pascal JM. DNA and RNA ligases: structural 

variations and shared mechanisms. Curr Opin 

Struct Biol. 2008;18(1):96-105. 

18. Yao S, Hart DJ, An Y. Recent advances in 

universal TA cloning methods for use in 

function studies. Protein Eng Des Sel. 

2016;29(11):551-556. 

doi:10.1093/protein/gzw047 

19. Roy U. A Comparative Study on Different 

Plasmid Isolation Procedures. Int J Pure Appl 

Biosci. 2018;6(5):533-541. doi:10.18782/2320-

7051.6988 

20. McKiernan HE, Danielson PB. Chapter 21 - 

Molecular Diagnostic Applications in Forensic 

Science. In: Patrinos GP, ed. Molecular 

Diagnostics (Third Edition). Academic Press; 

2017:371-394. 

doi:https://doi.org/10.1016/B978-0-12-802971-

8.00021-3 

21. Gibson EG, Oviatt AA, Osheroff N. Two-

Dimensional Gel Electrophoresis to Resolve 

DNA Topoisomers. Methods Mol Biol. 

2020;2119:15-24. doi:10.1007/978-1-0716-

0323-9_2 

22. Park M, Won J, Choi BY, Lee CJ. Optimization 

of primer sets and detection protocols for 

SARS-CoV-2 of coronavirus disease 2019 

(COVID-19) using PCR and real-time PCR. 

Exp Mol Med. 2020;52(6):963-977. 

doi:10.1038/s12276-020-0452-7 

23. Shenghe C, Wei S, Zhaoxi Z, Jingyang L, 

Minjie D, Haiyan S. A weird DNA band in PCR 

and its cause. J Plant Sci Mol Breed. 

2016;5(1):2. doi:10.7243/2050-2389-5-2 

24. González-Pech RA, Stephens TG, Chan CX. 

Commonly misunderstood parameters of NCBI 

BLAST and important considerations for users. 

Bioinformatics. 2018;35(15):2697-2698. 

doi:10.1093/bioinformatics/bty1018 

25. Brown T. Genomes. In: 2nd ed. Wiley-Liss; 

2002. 

https://www.ncbi.nlm.nih.gov/books/NBK2111

4/ 

26. Petrović D, Frank D, Kamerlin SCL, Hoffmann 

K, Strodel B. Shuffling Active Site Substate 

Populations Affects Catalytic Activity: The 

Case of Glucose Oxidase. ACS Catal. 

2017;7(9):6188-6197. 

doi:10.1021/acscatal.7b01575 

27. Alimah SN, Sumaryada TI, Nurcholis W, 

Ambarsari L. Molecular Docking Study of 

IPBCC.08.610 Glucose Oxidase Mutant for 

Increasing Gluconic Acid Production. J Kim 

Sains dan Apl Vol 25, No 5 Vol 25 Issue 5 Year 

2022DO - 1014710/jksa255169-178. Published 

online May 31, 2022. 

https://ejournal.undip.ac.id/index.php/ksa/articl

e/view/44951 

28. Puspita PJ, Ambarsari L, Adiva A, Sumaryada 

TI. In Silico Analysis of Glucose Oxidase 

H516r and H516d Mutations for an Enzymatic 

Fuel Cell. J Kim Val. 2021;7(2):83-93. 

doi:10.15408/jkv.v7i2.20733 

29. Witt S, Wohlfahrt G, Schomburg D, Hecht HJ, 

Kalisz HM. Conserved arginine-516 of 

Penicillium amagasakiense glucose oxidase is 

essential for the efficient binding of β-d-

glucose. Biochem J. 2000;347(2):553-559. 

doi:10.1042/bj3470553 

 


