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ABSTRACT

Glucose oxidase is an active oxygen species generating enzyme produced from Aspergillus niger grown in
submerged fermentation. Disintegration of the mycelium resulted in high glucose oxidase activity that was subjected
to ammonium sulfate precipitation at 60-85% saturation rates that resulted to 6.14 U mg™ specific activity.
Purification of enzyme by anion exchange column (DEAE-Cellulose) resulted into 22.53 U mg™* specific activity and
10.27 fold purification. This was applied to sephadex G-200 column for gel filtration chromatography. It was
observed that enzyme achieved 59.37 U mg *of specific activity with 27.08 fold purity and 64.36% recovery. Purified
glucose oxidase was injected into rabbits through intravenous route, to raise the glucose oxidase antibodies. After
30 days incubation period, the rabbits were slaughtered and serum was separated from blood. The antibodies were
isolated by ammonium sulfate precipitation and confirmed by agar gel precipitation test. This could be a convenient
and low cost alternate assay for the estimation of glucose oxidase in biological fluids. Moreover, such antibodies
against the said enzyme could be used in various therapeutic and diagnostic applications.

Key words: Glucose oxidasé. niger, Antibodies, Rabbits

INTRODUCTION many enzymes of industrial interest are obtained
from the fungal cultures (Luque et al. 2004).
Glucose oxidase (E.C 1.1.3.4) is an active oxygefslucose oxidase has several applications,
species generating enzyme from the fungusspecially in food and clinical analysis. The
Aspergillus niger. Glucose oxidase is an increasing number of potential uses of this enzyme
oxidoreductase; it is also called as glucos# health/clinical sciences and biosensors, have
aerodehydrogenase (Witteveeat al. 1992). made it as an ideal diagnostic tool (Banker et al.
Glucose oxidase is a glycoprotein that catalyzeg009). Glucose oxidase is used in food industry for
the oxidation of beta-D-glucose to D-gluconic acidthe removal of glucose from the powdered eggs, as
and hydrogen peroxide, the molecular oxygen i@ source of hydrogen peroxide in food
consumed in the process (Wu et al. 1995)preservation. It is a source for gluconic acid
Filamentous fungi are of considerableproduction and in the production of beer and soft
biotechnological importance as producers of broadrinks, where it serves as an antioxidant (Scott
range of metabolites end enzymes In general984). In health/medical industries, glucose
oxidase is used for the quantitative determination
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of D-glucose in biological samples andsaturated. Later, the desired enzyme was desalted
fermentation products. Glucose oxidase as aly dialysis. A column of DEAE-(diethyl amino
immunogen is used to prepare the antibodies fathyl) cellulose was prepared by the method of
the detection of antigens in histological andSukhacheva et al. (2004). The desalted enzyme
cytological preparations and for the detection andample of 1.5 ml was poured on the surface of
gquantitation of solid phase antigens in techniquesolumn (2x14 cm). The elution of sample was
such as ELISA, immunoblotting and dot blottingcarried out with 0.1 M phosphate buffer (pH
(Wilson and Turner 1992). The aim of this work6.0).The drop rate of eluted sample was kept
was to study the purification of glucose oxidaseonstant and 100 fractions of 2.0 mL each were
from Aspergillus niger and its application to collected.
produce glucose oxidase antibodies in rabbits. A column of Sephadex G-200 (2x12 cm) was
prepared by the method described by Sukhacheva
et al. (2004). The sample having the maximum

MATERIALSAND METHODS specific activity eluted with phosphate buffer
during ion exchange chromatography was applied
Microorganism and allowed to penetrate in packed column.

Pure culture of fungusAspergillus niger was Elution was carried out by 0.1 M phosphate buffer
procured from the Department of Chemistry andpH 6.0) at a constant drop rate. A total of 50
Biochemistry,  University  of  Agriculture fractions of 2.0 mL each were collected which
Faisalabad and was raised on potato-dextrose-agsiere subjected to enzyme assay and protein
slants, by incubated aerobically at 30°C. Theestimation as discussed above. The purity of the
spores of A. niger were prepared in Vogel's enzyme was verified by SDS-PAGE (Laemmli,
medium containing (g 100M KH,PQ, 0.5, 1970).

NH,NO; 0.2, (NH,),SO, 0.4, MgSQ.7H,0 0.02,

peptone 0.1, trisodium citrate 0.5, yeast extradProduction of rabbit anti-glucose oxidase
0.2, glucose 50% w/v (pH 5.5), in 250 mL antibodies

Erlenmeyer flask with working volume of 50 mL The rabbit glucose oxidase antibodies were
iand incubated at 30°C and 120 rpm (Haq et alproduced by inoculating the purified glucose
2001). All the chemicals/reagents used wer@xidase as antigen in rabbits. Six animals were

purchased from Sigma Chemical Inc. selected and divided into two groups, each having
three animals, named group A as control and
Production of glucose oxidase group B as an experimental. The purified GOX

The strain was used for growth in submerged18.94 U/mL) was injected in healthy albino rabbit
fermentation in order to produce the glucoseveighing 2-3 kg for the production of antibodies.
oxidase activity. After 36 h, the mycelia wereThe animal received subcutaneously 0.5 mL of 0.6
disrupted in a homogenizer by a glass cely I'' antigen dissolved in 0.02 mol* Isodium
homogenizer for 10 minutes and resultingohosphate buffer, pH 7.2. Booster doses of 03¢l
suspension was subjected to centrifugation &@ntigen were administrated weekly for three weeks
speed 10,000 rpm for 15 min at 0°C in order t@fter resting the animal for 15 days. After each
disrupt/remove the cell membranes (Zia et albooster dose, blood was collected from the neck
2010). Intracellular glucose oxidase activity wasvein. Rabbits were slaughtered after 30 days of the
determined by enzyme assay as described Igst inoculation. The blood from both rabbits was
Worthington (1988). Biuret method was used forcollected in sterilized flasks and allowed to dlot
the determination of concentration of protein usinglanting position. Then it was kept in refrigerator
bovine serum albumin as standard (Gornall et abvernight and on the next day, the sera were oozed
1949). out from the clot and stored at 4°C till its use
(Wijewardena 1992).
Purification of glucose oxidase
The purification of intracellular glucose oxidaseConfirmation/determination of glucose oxidase
enzyme was carried out by ammonium sulfat@ntibodies
precipitation, ion exchange and gel filtrationThe rabbit glucose oxidase antibodies were
chromatography. Solid ammonium sulfate wasonfirmed by agar gel precipitation test
added to the crude extract until it was 60-859%AGPT)/agar gel immuno-diffusion test (AGID) as
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described by Hudson and Hay (198@yar plates with (NH,).SO, to remove unwanted proteins.
having the wells of equal size were prepared. Th&his is the most commonly used reagent for
sample of rabbit-glucose oxidase antibodies wasalting out of proteins because its high solubility
placed in each peripheral well, as equal amount gfermits the achievement of solution with high
antigen was placed in the central well. Thesénic strength. Various precipitation techniques
plates were placed in refrigerator up to théhave been used to isolate glucose oxidase,
development of precipitation lines). A sample ofincluding ammonium sulfate, uranyl acetate and
100 ul of rabbit glucose oxidase antibodies wascopper sulfate (Kalisz et al. 1991). The fractidn o
placed in each peripheral well and as 100f 60% supernatant and sediments showed the
antigen was taken in the central well. Then thesactivity of 12.313 and 18.82 U hl respectively.
plates were placed in refrigerator up to theThe 85% supernatant and sediments showed the
development of precipitation lines. activity of 14.38 and 20.74 U thl respectively.
Desalting was carried out by dialysis against the
distilled water. Desalting is the phenomenon to
RESULTSAND DISCUSSION remove the contaminating salt present in the
sediments, resulting to increase the enzyme
Figure 4 - SDS-PAGE showing pure GOX wasactivity (Shin et al. 1993). Desalted sample
used as the antigen for the production of glucosghowed the activity and specific activity of 12.41
oxidase antibodies in rabbit. The activity andU mi* and 6.14 U mg, respectively. The results
specific activity of crude enzyme was 12.195 Uare shown in Figure 1.
mi™ and 2.192 U m§ respectively having 5.562 The desalted enzyme was subjected to DEAE-
mg mi* of protein contents. Although severalCellulose column for ion exchange
organisms have been reported to produce glucosbromatography. lon exchange cellulose is
oxidase, howeverA. niger is the main organism preferred because the fine particle size and high
used for industrial production (Khattab anddensity of the microgranular cellulose that result
Bazaraa, 2005). An amount of 2% (w/v) CSL usedhigher resolution (Jakoby 1971; Zia et al. 201t). |
in liquid fermentation was inoculated with 5.0mlwas noted that 13 fraction had the maximum
of homogenous spore suspension containing 1@ctivity of 12.46 U mi with 22.53 U mg specific
spores mt in flasks (in triplicate). The culture activity. Decreased protein contents (0.553 mg ml
filtrates were harvested after fermentation period) indicated the reliability of this technique (FR)

of 36 h. Table 1). Kelly and Reddy (1986) reported that
after DEAE-sephadex treatment of P.
Purification of glucose oxidase chrysosporium glucose oxidase, 60% of the

To purify the desired enzyme, the crude extractenzyme was recovered with 5.4-fold purification.
from CSL were subjected to 60-85% saturation
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Figure 1 - Analysis of glucose oxidase activity in crude aftdra(NH,),SO, precipitation.
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Figure 2 - Purification of glucose oxidase through ion excleolgromatography.

Table 1 - Purification summary of glucose oxidase enzyme.

Activity Protein contents  Specific activity Fold %

Samples (Umlih (mg ml™h (Umgh purification  Recovery
Crude 12.195 5.562 2.192 1 100
(NH,),SO, desalted 12.41 2.020 6.14 2.80 98.25
After ion exchange
chromatography 12.46 0.553 22.53 10.27 97.83
After gel filtration
chromatograpr 18.94 0.319 59.37 27.08 64.36

Gel filtration chromatography was applied byKelley and Reddy (1986) thd. chrysosporium
Sephadex G-200 which proved very efficient aglucose oxidase produced 38-fold enrichment and

the activity of 8th fraction was 18.94 U mwhile

41% recovery of total activity. SDS-PAGE (12%)

59.37 U mg was specific activity with 27.08-fold and staining with coomassie brilliant blue G-250
purification (Fig. 3, Table 1). It was showed byshowed the purity of glucose oxidase (Fig. 4).

Fractians

Figure 3 - Purification of glucose oxidase through gel filioat
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Figure 4 - SDS-PAGE of glucose oxidase (Lane 1 is markers2ai3d 4 and 5 are the replicates of
enzyme obtained after gel filtration).

Production of glucose oxidase antibodies serum of rabbit. The fine precipitation lines ardun
The purified glucose oxidase was injected intdhe adjacent wells indicated a positive reactioth an
rabbit to produce glucose oxidase antibodiest confirmed the presence of anti- glucose oxidase
These glucose oxidase antibodies were confirmeahtibodies. The good results of AGPT were
by Agar Gel Precipitation Test (AGPT). Theobtained at 4°C, not at room temperature in this
glucose oxidase antibodies were qualitativelyvork.

measured/confirmed by agar gel precipitation testhe distance between the central to peripheral
(AGPT/AGID) test (Hudson and Hay 1980). Thiswells is also an important factor. This test showed
test was used only to confirm whether the glucosketter results at 2 cm distance (Table 2).

oxidase antibodies were present or not in the

Table 2 - AGPT results showing the presence of antibodiescperimental rabbit.

Sample Temp. Distance between Distance between central and Diameter of wells
(O wells (cm) peripheral wells (cm) (mm)
Control 4 1.75 2 4
Experimental 4 1.75 2 4
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