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ABSTRACT

Background: Glucose oxidase (GOXx) is an oxidoreductase enzyme that plays a wide
Received: 03/06/2024 range of significant roles in biological processes as well as a variety of industrial and
Accepted: 31/07/2024 commercial applications. In food processing, for example, it is utilized as a natural

Online:  14/12/2025 preservative, antioxidant, and modifier that are relatively stable and inexpensive.
Although GOXx has been isolated from various microorganisms, particularly fungi.
There is limited research on isolating it from bacteria, so it’s important to study GOXx
2024. This is an open- from novel microbial strains, such as Pseudomonas aeroginosa,which is among the
accgess arg;m ””ﬂi;:;z most commonly isolated Gram-negative pathogens. It can be found in most settings,
http://creativecommons including soil, plants, and mammalian tissues. Objective: Evaluation of the
-org/licenses/by/4.0 optimum conditions of GOx production by a clinical sample of P. aeruginosa.
Methodology: 150 clinical samples were used to isolate P. aeruginosa , which were
E characterized by biochemical and microscopic analyses with verification through the
use of the VITEK2 system. Selected isolates were examined for optimal GOx
production conditions: carbon and nitrogen sources, pH, temperature, and incubation
period. Results: A total of 35 P. aeruginosa isolates were identified; only 10 were
GOx producers. Optimization conditions for enzyme production were achieved for
the highest GOx producer isolate when the medium was supplemented with peptone
1% wiv, glucose 2% wi/v, pH 7, temperature 37°C, and incubation for 24 hrs.,
which raised the specific activity to (1, 3, 3.5, 3.2, and 3.5U/mg protein),
respectively. Conclusion: The present investigation's results indicated that P.
aeruginosa is capable of producing the enzyme glucose oxidase, and the optimum
conditions were determined by supplementing BSM medium with 2% glucose and

1% peptone at pH 7 and incubating at 37 °C for 24 hours.

Keywords: Glucose oxidase production, Optimization, Pseudomonas aeruginosa.
https://doi.org/10.24126/jobrc.2025.19.3.865

INTRODUCTION

Enzymes function as biocatalysts, accelerating chemical reactions to yield valuable products. Enzyme
preparations derived from microbes are currently utilized in numerous industrial, agricultural, and medical domains
(1). Many plant and animal enzymes have been replaced in recent decades by microbial enzymes. The reason for this
substitution is that microbial enzymes may be manufactured cheaply and readily in short fermentation times using
low-cost media (2). Glucose oxidase (GOX) is an enzyme that has a tendency to catalyze the oxidation of B-D-glucose
to produce H,0O, and D-glucono-6-lactone. This substance has widespread applications in the fields of food,
pharmaceutical, beverage, and enzymatic fuel cell (EFC) technology. It may also be used in biosensor devices, such
as blood glucose monitors, and renewable energy sources (3). Glucose oxidase is produced by a wide range of
microorganisms, including fungi, bacteria, particularly those belonging to the Aspergillus and Penicillium species,
mammals, plants (such as insects), and citrus fruits (4). Research on (GOx) from novel micraobial strains is important,
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along with purifying it from sustainable sources. (GOx) from Actinomyces and Pseudomonas species was examined
for its characteristics and functions (5). Pseudomonas aeruginosa is a frequently isolated Gram-negative bacterial
pathogen that can cause serious infections in patients with compromised immune systems, including those with
HIV/AIDS, cancer patients undergoing chemotherapy, and patients receiving hematopoietic stem cell transplantation
(HSCT) who are immunosuppressed (6). Many parameters, including inoculum size, pH, temperature, the presence of
inducers, aeration, medium additives, and growth period, need to be controlled to maximize the productivity of
microorganisms that produce enzymes (7). Changing one factor at a time (OFAT), while maintaining the other factors
constant, is the traditional optimization approach (8). Therefore, this study aimed to determine the optimal conditions
for glucose oxidase production from locally isolated Pseudomonas aeruginosa as one of the medically important
enzymes in the future.

METHODOLOGY
Samples
From September to November 2023, 150 clinical specimens were obtained from patients presenting to AL-
Yarmouk Teaching Hospital and Medical City Hospital in Baghdad, Iraq. The specimen included burns, sputum,
wounds, and the ears of patients suffering from otitis media. The study was conducted following the moral principles
outlined in the Declaration of Helsinki. Before sample collection, the patient provided verbal and analytical consent.
The study protocol, subject information, and consent form were reviewed and approved by a local ethics committee,
as documented in approval number 21 dated September 11, 2023.
Isolation and identification of Pseudomonas aeruginosa
After collecting swaps, specimens were grown in brain heart infusion broth medium at 37 °C for 24 hours. Then
each specimen was streaked on (Blood agar, MacConkey agar, and Cetrimide agar) and incubated at 37 °C for 24
hours. Morphological analysis (size, margin, color, shape, and consistency of colonies), microscopical characteristics,
biochemical testing, and the VITEK 2 system were used to detect bacterial growth.
Preparation of inoculum
Thirty-five isolates of P. aeruginosa were used to inoculate the modified basal salt medium, containing
(NH4),HPQ,, 0.4; Peptone, 10; Sucrose, 70. KH,PO,, 0.2; MgSO, 7H,0, 0.2, adjusted at pH 7 and incubated at 37
°C for 24 hrs. (9)
Glucose oxidase extraction
Each one of the 35 P.aeruginosa isolates was inoculated in 250 mL of modified (BSM) medium at 37 °C for 24
h. Then centrifuged for 15 minutes at 10,000 rpm. The supernatant was used as a crude GOx enzyme.
Enzyme activity assay
The (GOx) activity was determined by measuring the decrease in glucose concentration, using glucose as a
substrate according to the method described by Miller (1959) (10). 0.1 mL of crude extract was incubated for 30 min
at 80°C with (0.1) mL of 1 gm glucose as substrate dissolved in 10 mL of 0.1M sodium acetate buffer pH (5)
centrifugation for 10 min. in a cold centrifuge, the enzyme reaction was stopped by 0.2 mL of 3, 5- Dinitrosalicyclic
acid (DNS) reagent keeping at 100 °C for 5 min. The absorbance was measured at 575 nm by a UV-visible
spectrophotometer. The blank was prepared by adding 0.1 mL of D.W to 0.1 mL of (1 g of glucose dissolved in 10
mL of 0.1M sodium acetate).Standard curve prepared by glucose (11). GOx activity was calculated as umol glucose
min-1 using the following equation: (GOXx) Activity =(CO — C).v/t (12).
Where :CO: Initial glucose concentration (mM) /C: Last glucose concentration (mM)
V: Reaction volume (mL) /t: Reaction time (min)
Protein concentration was measured according to Bradford (13).
Specific activity of glucose oxidase
Specific activity of the enzyme was calculated according to (14):
Specific activity (U/mg protein) = (Enzyme activity (U/mL))/ (Protein concentration (mg/mL)

72



JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, No. 3 (2025)

Optimum conditions for glucose oxidase production
Enzyme production was optimized by changing one factor at a time.

Optimum nitrogen and carbon sources

Five nitrogen sources: Peptone, Casein, NaNO3, Yeast extract, and Ammonium sulfate, and five carbon
sources: Glucose, Maltose, Glycerol, and Starch were separately added to the BSM medium as a first step. Each
Carbone source was included in the medium separately at a final concentration of 2% (w/v), while the nitrogen
sources were at 1% (w/v), and the medium was incubated for 24 hours at 37°C.; Glucose oxidase activity, protein
concentration, and specific activity were determined.
Optimum Temperature

After inoculating the production medium with the chosen P. aruginosa, it was incubated at various
temperatures (27, 32, 37, and 42 °C). In the subsequent optimization experiment, the optimum temperature for the
synthesis of (GOx) was employed.
Optimum pH

The optimum pH for the production of (GOXx) was determined by adjusting the pH of the optimized production
medium at different values (4, 5, 6, 7, and 8), then incubating for 24 hrs. At 37°C. Glucose oxidase activity, protein
concentration, and specific activity were determined.
Optimum incubation period

By incubating the production medium for (12, 24, and 36 hours), researchers were able to determine the
optimum incubation period for P. aruginosa's synthesis of glucose oxidase.

RESULTS
Isolation and identification of Pseudomonas aeruginosa

Sixty isolates from 150 samples grew on MacConkey agar, appeared as colorless or transparent bacteria,and
were non-lactose fermenters. P. aeruginosa colonies showed B-haemolysis on blood agar; only thirty-five isolates
were able to grow on the selective media, cetrimide agar, and produce yellowish-green fluorescent pigment.
Microscopic analysis revealed that isolates were single cells, Gram-negative, non-spore-forming, and rod-shaped.
All these 35 isolates gave (oxidase , catalase , citrate ) positive , while (urease , MR_VP) negative results, as shown
in (Table 1). However, the VITEK2 system indicated that the isolate was 91% identical to P. aeruginosa (Table 2).

Table (1): Primary biochemical tests of P.aeruginosa's isolates

Biochemical Result
tests

Oxidase

Catalase
Citrate
Urease -

MR_VP -

73



JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, No. 3 (2025)

Table (2): Biochemical tests for identification P. aeruginosa isolates by VITEK 2

Test Result Test Result Test Result Test Result Test Result Test Result

APPA - ADO - PyrA - IARL - dCEL - BGAL -
H2S - BNAG - AGLTp + dGLU + GGT + OFF -
BGLU - dMAL - dMAN - dMNE + BXYL - BALap +
ProA + LIP + PLE - TyrA + URE + dSOR -
SAC - dTAG - dTRE - CIT + MNT  + 5KG -
ILATK + AGLU - SUCT + NAGA - AGAL - PHOS +
GlyA - obC - LDC - IHISa - CMT + BGUR -
O129R + GGAA + IMLTa - ELLM - ILATa +

Specific activity of glucose oxidase

Of the thirty-five P. aeruginosa isolates, ten produced GOXx with variable degrees, and P. aeruginosa P6 showed
the maximum specific activity (0.91 U/mg); therefore, it was chosen for further study (Table 3).

Table (3): The specific activity of Glucose oxidase production by P. aeruginosa clinical isolates
after 24 hrs. at 37°C incubation temp.

No. of Specific

Isolate activity

(U/mg)
P1 0.6
P2 0.8
P3 0.6
P4 0.8
P5 0.85
P6 0.91
P7 0.88
P8 0.86
P9 0.8
P10 0.9

Optimum carbon and nitrogen sources for glucose oxidase production

Among different tested nitrogen sources, peptone was the best for producing GOx from P. aeruginosa (P6)
(Figure 1) with a specific activity reached (1U/mg protein).
When the medium was supplemented with each carbon source individually at 2% wi/v., the results showed that, the
maximum production of GOx was obtained by using glucose as a carbon and energy source, which produced the
highest GOx specific activity of (3 U/mg) followed by sucrose with specific activity of (2.6 U/ mg), maltose (2.2 U/
mg), glycerol (1.7 U/mg), starch (1.5 U/mg) (Figure 2).
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Optimum temperature

Incubation temperatures of 27, 32, 37, and 42 °C were used for further optimization of the growth conditions for

GOx production from P. aeruginosa P6 The enzyme was found to show a maximum activity at 37 °C with specific
activity 3.2 U/mg as shown in (Figure 3).

Optimum pH
P. aeruginosa P6 was used to study the impact of starting medium pH on glucose oxidase synthesis. (Figure 4)

shows that the production medium pH must be increased to 7 to achieve the highest level of GOx synthesis. At this
point, the enzyme's specific activity was 3.5 U/mg protein.

Optimum incubation period

After 12 hrs of incubation, Gox-specific activity was 1.7 U/mg protein. 24 hrs later, it increased to 3.5 U/mg
protein, then decreased to 2.8 U/mg specific activity at 36 hrs , as illustrated in (Figure 5).
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Figure (1): Optimal nitrogen source for Gox production from P.aeruginosa P6 after incubation for 24 hrs at 37°C.

75



JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, No. 3 (2025)

m Specific activity
(U/mg protein)

—~ 3

s

© 25

o

g 2

)

> 15 -

2 1

(&)

(4]

o 05

=

(&)

a 0 Glucose
wn Sucrose

Starch Glvcerol Maltose

Carbone source (2%0)

Figure (2): Optimal carbon source for Gox production from P.aeruginosa P6 after incubation for 24 hrs at 37°C.

35

/ ~

—o— Specific activity
(U/mg protein)

1.5

Specific actvivity (U/mg protein)

0.5

27 32 37 42

Temperature (°C)

Figure (3): Optimal incubation temperature affected Gox production from P.aeruginosa P6 after incubation for 24 hrs
at 37°C.
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Figure (4): Optimal pH for Gox production from P.aeruginosa P6 after incubation for 24 hrs at 37°C.
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Figure (5): Optimal incubation period for P.aeruginosa P6 producing Gox at 37 °C

DISSCUSION

P. aeruginosa is the most commonly encountered Gram-negative species that is not a member of the family
Enterobacteriaceae (15). P. aeruginosa is thought to be a nosocomial infection and an opportunistic pathogen that
causes a wide range of illnesses and can develop antibiotic resistance (16,17).

Glucose oxidase is an oxidoreductase enzyme with industrial and diagnostic applications. the study of various
aspects of Gox in biotechnology and bioprocessing is crucial(18).

The GOx enzyme has a high specificity to glucose, when compared to other sources, giving the specific
activity of (3 U/mg), followed by sucrose. The current study was correlated with (19), which reported that glucose
produced the highest GOx, followed by sucrose. All carbon sources supported the growth of Aspergillus spp., yet
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sucrose and glucose produced a considerable amount of GOx. Another study reported that glucose is the primary
inducer of the GOXx gene transcription (20).

After carbon, nitrogen is essential for microbial cell growth. Nitrogen is a necessary component of proteins,
nucleotides, enzymes, and a cofactor vital to cellular metabolism (21). The study reported in (22) found that peptone
was a useful nitrogen source for GOx synthesis, exhibiting the highest activity (1231 umol/min) at a concentration
of 3 ¢g/L.

The organism's development and metabolic processes are impacted by pH levels. Essential active-site amino
acid residues involved in substrate binding and catalysis are affected by pH changes in terms of their ionization.
Maximum Gox production was achieved when the pH of the production medium was increased to 7. These residues'
ionization may change the active-site cleft, which could have an indirect effect on the enzyme (23). The ideal pH
range for growth and enzyme synthesis is 6 -7 for the majority of the strains utilized commercially to produce GOx
(24).

On the other hand, the microorganism's internal temperature must match that of its environment, as microbial
activity is temperature-sensitive. With respect to the organism’s growth, temperature has an impact on GOXx
production. Studies on the GOx production have mainly focused on mesophilic fungi that grow optimally at
temperatures between 25 and 37 °C. At 27-37 °C, Aspergillus niger produced the highest yields of GOx (25). The
enzyme exhibited maximum activity at 37 °C. After 24 hours of incubation, the amount of Gox was maximal;
thereafter, the enzyme's production declined (26). It was shown that the amount of GOx produced over 12-48 hours
peaked at 48 hours and then declined. While another study reported that after 36 hours of fermentation, the highest
GOx yield was achieved (27).

CONCLUSION

The present investigation's results indicated that P. aeruginosa is capable of producing the enzyme glucose
oxidase, and the optimum conditions were determined by supplementing BSM medium with 2% glucose and 1%
peptone at pH 7 and incubating at 37 °C for 24 hours.
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