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Abstract: Glucose oxidase (GOx) enhances the activity of hydrogen peroxide and thus able to act as
an antimicrobial agent. In the present study, native species of glucose oxidase producers were isolated.
The media optimization was done by standardizing various parameters such as pH (3-7), carbon
source (glucose, sucrose, lactose, fructose and maltose) at 2% concentration and nitrogen source
(sodium nitrate, ammonium sulphate, ammonium nitrate, beef extract and peptone) at 1% concentration.
The effect of glucose oxidase was also tested on metal ions and additives. Four bacterial (Bacillus
subtilis, Proteus mirabilis, Vibrio cholerae and Enterococcus faecalis) and two fungal species
(Fusarium oxysporum and Phytopthora infestans) were used to screen the antimicrobial potential of
glucose oxidase. Maximal activity of the enzyme was obtained with the pH5.0 (51U/ml), the carbon
source lactose (54U/ml) and the nitrogen source beef extract (48U/ml). The GOx was stable at the pH
5.0 and the temperature 50ºC. Significant antimicrobial prospect of GOx was found at 100µg/disc.
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Introduction
Glucose oxidase is a naturally occurring enzyme occuring in many insects as well as many fungi [1].
The main function of glucose oxidase is to act as antibacterial and anti-fungal agent through the
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production of hydrogen peroxide. Permanent oxidative stress through the maintenance of hydrogen
peroxide at low concentration by the continued catalytic activity of glucose oxidase had been reported
[2]. It is very effective in inhibiting bacterial or fungal growth, especially if the microorganism does not
produce hydrogen peroxide scavengers such as catalase. Breakdown of hydrogen peroxide by the
intrinsic catalase of the microorganism may protect it against hydrogen peroxide mediated antibacterial
or antifungal effect. It is, however, not as effective if hydrogen peroxide is constantly produced by
glucose oxidase. Previous experiments had demonstrated that although milli-molar level of hydrogen
peroxide is required to inhibit cell growth in the presence of catalase, micro molar level of hydrogen
peroxide would be sufficient to inhibit cell growth in the presence of glucose oxidase [3]. The glucose
oxidase has found a variety of applications as it is used as food processing additive in liquid and
powder form, as preservative, as a maturing or oxidative agent in the bread making industry, as
antioxidant, wine making and in the production of dried egg powder. The present study was carried
out with an objective to optimize the growth media for the enhanced production of GOx from Penicillium
sp. The parameters subjectd to optimization were pH, carbon source, nitrogen source, ferementation
period, metal ions and other additives. In addition, the antimicrobial property of GOx was also evaluated.

Material and Methods
Isolation and identification of Fungi

The process organism was isolated from field soil samples of Kattankulathur, Tamilnadu, India. It was
serially diluted till 10-6 and inoculated onto Potato Dextrose Agar (PDA) plates and incubated at
25 - 28ºC for 72 to 96 h. The organism was identified based on their colony morphology on PDA,
microscopic examination by LPCB mount. After the identification the culture was sub-cultured on
PDA slants and further used for Glucose Oxidase (GOx) production and antimicrobial activity.

Screening for GOx production

the GOx producers were screened based on violet blue enzymatic zones on the medium. The screening
medium consisted of glucose, starch and potassium iodide. 0.2 g of O-dianasine prepared in Mcllvaine
buffer (0.1M, pH 5.6) per liter was added to the medium which served as coloring agent. The fungus
was grown in 1 litre Erlenmeyer flasks on a rotary shaker at 30ºC for 24 h at 250 rpm.

Media optimization

The media optimization parameters were 1) pH (3.0, 4.0, 5.0, 6.0 and 7.0); 2) different carbon sources
(2%) namely glucose, sucrose, lactose, fructose and maltose; 3) different nitrogen sources (1%) viz.,
sodium nitrate, ammonium sulphate, ammonium nitrate concentration that were amended to the
production media. The culture was incubated at 30ºC ± 2.0 for a period of 120 h. At every 24 h interval,
the culture filtrates were collected for the estimation of glucose oxidase activity and protein content.
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Protein estimation

The protein content of the culture filtrate was estimated by dye biding method of [4]. To 1.0 ml of
culture filtrate 5 ml of Coomassie Brilliant Blue was added, mixed thoroughly and read at 595 nm in a
Beckman DU-50 Spectrophotometer. The reagent with sterile un-inoculated medium served as blank.
The amount of protein was calculated using bovine serum albumin fraction V (sigma USA) as standard.

Estimation of Glucose oxidase

The Glucose oxidase catalyses the oxidation of glucose to yield gluconic acid. The generation of H
2
O

2

is indirectly measured by oxidation of O-dianisidine in the presence of peroxidase at 436 nm. One unit
of activity is defined as the amount of enzyme that will catalyze the oxidation of 1 micromole of glucose
per minute at 25ºC under the assay conditions.

Purification of enzyme

The cells were separated by centrifugation (10,000 rpm for 15 min) and the supernatant was fractionated
by precipitation with ammonium sulphate at 50% and 70% saturation. All the subsequent steps were
carried out at 4ºC. Dialysis was performed with dialysis membrane (pore size 14 KDa). The protein was
re-suspended in 50mM sodium acetate and dialyzed against the same buffer. The protein pellet obtained
after saturation with ammonium sulphate between 50% and 70% was dissolved in 0.1M sodium
phosphate buffer and loaded onto a column of sephadex G-75(2.2x60cm) equilibrated with 50mM
sodium acetate. The column was eluted at a flow rate of 60ml/h with 50 mM sodium acetate. Fractions
with high glucose oxidase activities were pooled, dialyzed and concentrated by lyophilisation and
used for further studies.

SDS-PAGE

The molecular weight of the purified glucose oxidase was determined on SDS-PAGE. Purified protein
samples were run on SDS-PAGE along with appropriate standard protein markers (100KDa)
(Sigma USA). The protein bands separated on the gel were stained with silver nitrate.

Characterization of glucose oxidase

In order to determine the pH stability of glucose oxidase, the enzyme was pre-incubated in different
buffers (0.1M) such as sodium acetate (pH 4.0 – 6.0) potassium phosphate (pH 7.0) and tris-HCl
(pH8.0 – 10.0) for 6 h at 30ºC. The optimum temperature required for the enzyme activity was evaluated
by measuring the glucose oxidase activity at different temperatures (20-80ºC) in 50mM phosphate
buffer pH 7.0 using Carboxy Methyl Cellulose (CMC) as substrate. The effect of temperature on
glucose oxidase stability was determined by measuring the residual activity after 30 min of
pre-incubation in 50mM phosphate buffer (pH 7.0) at various temperatures.
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Effect of metal ions and additives [5]

A solution containing metal ions and additives such as KCl, NaCl, FeSo
4
, CuSo

4
, HgCl

2
, MnCl

2
, ZnSo

4
,

EDTA, FeCl
3
, NiCl

2
 were prepared in sodium acetate buffer (0.5M, pH 5.0) at 50mM concentration.

Â-mecaptoethanol, dithiothreitol, phenylmethyl sulfonyl fluoride at the concentration of 10mM and
urea 5mM were used.

Assay of antimicrobial activity [6,7]

The antibacterial activity of glucose oxidase was screened by disc diffusion method against Bacillus
subtilis, Proteus mirabilis, Vibrio cholera and Enterococcus faecalis at the concentrations of 25µg,
50µg, 75µg and 100µg. The experiments were carried out in duplicate three times. The results
(mean value, n=3) were recorded by measuring the zones of growth inhibition surrounding the discs.
The antifungal activity of glucose oxidase was determined against Fusarium oxysporum and
Phytophthora infestans at the concentrations of 25µg,50µg,75µg and 100µg.

Results
From the soil sample three species of Glucose oxidase (GOx) producers namely Aspergillus niger, Rhizopus
oryzae and Penicillium sp. were isolated. Screening studies for GOx production revealed that the
Penicillium sp. produce higher amount of the enzyme than the other two species.
Hence further study was performed only with Penicillium sp. On SDS-PAGE the glucose oxidase formed
a single band thus indicating that it was electrophoretically homogeneous. The molecular mass of the
purified glucose oxidase was determined to be 80kDa. The pH stability test showed that the enzyme was
active at acidic pH and activity decreased in alkaline range. Maximum activity was found at pH5.0
(51U/ml). Among the five carbon sources used, the lactose caused maximum production (54U/ml) at 96 h
of incubation. The enzyme showed maximum pH stability at pH 5.0 with the relative activity of 100%.
The maximum temperature stability of the enzyme was observed at 50ºC with the activity of 20U/ml with
100% relative activity. The maximum relative activity to metal ions and additives were 102% (KCl), 115%
(MgSo

4
)

, 
100% (CaCl

2
), 115% (Mncl

2
), 130% (ZnSo

4
), 152% (Dithiothretol). The sodium chloride and urea

showed 98% relative activity. The maximum zone of growth inhibition was found at 100µg/ml for the all
four test bacterial (14-12mm) and two fungal species (14-13mm) (Fig. 1 & 2).
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Comparison of Glucose oxidase activity (pH
and Hour of incubation)
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production of Glucose oxidase
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Fig. 1. Optimization of pH, Carbon source and Nitrogen source for COx production
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pH stability of Glucose Oxidase
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Fig. 2. Determination of pH stability and antimicrobial activity of COx
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Discussion
For the commercial production of an enzyme, the vital step of priority is the screening of different
native strains for the optimal production of enzyme [8]. Fiedurek et al. [8] screened different fungi and
reportd that Aspergillus niger was the best source for the production of Glucose oxidase enzyme.
In the present study three species of Glucose oxidase (GOx) producers, Aspergillus niger, Rhizopus
oryzae and Penicillium sp. were isolated. Screening for GOx production indicated that the Penicillium
sp. produce higher amount of the enzyme than the other two species.

Khurshid et al. [9] had optimized the media for the production of COx using varying concentrations
of glucose, pH, Urea (nitrogen source), KH

2
PO

4
 and MgSO

4.
 Similar optimization study has been

conducted presently with various parameters like pH (3-7), four Carbon sources, five nitrogen sources,
different metal ions and additives were used to obtain enhanced activity of COx. The maximum COx
production was obtained at the pH 5.0. This is in accordance with the work of Khurshid et al. [9].

Glucose oxidase from Phanerochaete chrysosporium and Aspergillus niger consists of two
identical subunits with a molecular mass of 80kDa [10,11]. In this study, the molecular mass of the
purified glucose oxides was determined to be 80kDa on comparison with standard marker. Thus the
present study recoded a concordance data with that of the earlier researcher.

Conclusion

From the study, it was concluded that enhanced production of Glucose oxidase could be achieved
using the native population of microbes and with media optimization.
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