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ABSTRACT

This work aimed to study the production and purification of glucose oxidase by Aspergillus nigerand Penicillium
notatumusing corn steep liquor as the substrate and evaluate its antimicrobial activity for use in pharmaceutical
and food industries. The enzyme was purified by ammonium sulfate precipitation (60-85%), DEAE-cellulose ion
exchange and Sephadex G-200 size exclusion chromatography. The crude enzyme extracts of A. niger and P.
notatum showed 2.32 and 5.53 U mg* specific activities, respectively, which after desalting was 15.52 and 12.05 U
mg, and after ion exchange and gel filtration chromatography was 29.09 - 62 and 25.72 - 59.37 U mg'™* for A. niger
and P. notatum, respectively. The antimicrobial activity was determined by disc diffusion method against selected
microbial strains where glucose oxidase from A. niger showed anti-bacterial activity, while no fungicidal effects
were shown by both A. nigerand P. notatunglucose oxidases.
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INTRODUCTION of poultry meat. This property of glucose oxidase
has economically strengthened many industries.
Glucose oxidase is a well-characterizedAntimicrobial effects of glucose oxidase are
glycosylated flavoprotein, consisting two identicalutilized for food storage and packaging, thus
subunits of 80 kDa. Enzymatic oxidation byimproving the shelf-life of human and animal
glucose oxidase reduces FAD to FAPHKeleasing foods (Vartiainen et al. 2005). Glucose oxidase is
H,O, in the presence of O The enzyme has extensively utilized in glucose estimation from
versatile ability to inhibit the growth of microbes clinical and biological fluids of human and
through naturally produced hydrogen peroxideanimals. The enzyme is being used for de-sugaring
The enzyme is produced by some fungi anaf dry egg powder and in products of human and
insects. It acts as antifungal and antimicrobiahnimal health-care systems (Kelemen and Lantz
agent. Glucose oxidase is generally recognized 2008).
safe (GRAS), having several industrialThere are many fungi that secrete a wide range of
applications (Wong et al. 2008). Jeong et alenzymes responsible of recycling, or lysis of
(1992) reported bactericidal effects of glucoséiopolymers from both animals and plant tissues
oxidase in microbial growth of processed poultryMusser et al. 2004; Saleemi et al. 2012).
meat. Pseudomonas and Salmonella growth was Although most of these enzymes are hydrolytic
inhibited resulting into improvement in shelf-life and play important role in fungal nutrition,
releasing carbon and nitrogen locked into
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insoluble macromolecules. Such characteristicerbital shaker at 3C€. The spores count was
make the fungi a better host for the production ofarried out using haemocytometer.
enzymes and/or proteins (Jeens et al. 1991).
Aspergillus niger, as the most important fungus, isProduction and analysis of glucose oxidase
used for the production of food and diagnostic&lucose oxidase production was carried out by
enzymes and many other products (Schuster et éiquid state fermentation using a medium
2002). Penicillium variabile 16 has been containing glucose, urea, CagKH,PO, and
characterized for its ability to produce high level CSL for A. Niger, for P. notatum, the medium
of glucose oxidase when grown on glucose ricltsontained KHPQ,,  NH,NO;,  (NH4).SOy,
media (Crognalea et al. 2008). Although severdiigSQO,.7H,O, NaCsHsO; peptone, yeast extract
organisms have been reported for the productioand glucose (Sabir et al. 2007; Rasul et al. 2011).
of glucose oxidase byt niger andP. notatumare An inoculum size of 5% was added aseptically to
used for industrial scale fermentation (Khattab ané&rlenmeyer flasks and incubated at orbital shaker
Bazaraa 2005). Fermentation has been employgti20 rpm) for 72 h at 3C (Zia et al. 2010). The
for the production of glucose oxidase for severatrude enzyme was obtained by filtering the
years, providing a bulk of enzyme for biologicalfermented biomass and then subjected to
applications and clinical trials. EI-Sherbeny et alcentrifugation at 7826 x g af®© for 15 minutes.
(2005); Sabir et al. (2007) and Rasul et al. (2011)he activity of glucose oxidase was determined at
reported the production and purification of glucoseeach step of purification by the method of
oxidase fromA. niger andP. notatum. Pathogenic Worthington (1988) where an amount of 0.1 mL
and non-pathogenic bacteria have been reported @szyme was added to reaction mixture of o-
targets of antimicrobial activity of glucose dianisidine. Along with 18% glucose solution, 0.1
oxidase. Tiina and Sandholm (1988) reported thanL of peroxidase having 225 U mlactivity from
E. coli, S aureus, S infantis and B. cereus etc horseradish was added to reaction. One unit of
were inhibited by this enzyme (Massa et al. 2001)enzyme activity was defined as micromoles of
Thus, in this study, a comparison of straifis glucose converted into.B, per minute in one mL
niger andP. notatum was made for the production enzyme reaction mixture. Protein estimation was
of glucose oxidase and to check the antimicrobigberformed using biuret reagent by the method of
activity of glucose oxidase producedgainst Gornall et al. (1949).
clinically/industrially important microorganisms
by using disc plate method (CLSI 2007). Purification of the enzyme

Glucose oxidase from both the strains was

subjected to ammonium sulfate at 60-85%
MATERIALS AND METHODS saturation. It was stirred at@ for 4 h, centrifuged

at 7826 x g and final pellets contained the glucose
Strains culture conditions and inoculums  oxidase. Desalting of the enzyme was carried out
development against water at°€ for 4 h and subjected to
Aspergillus niger EBL-A andPenicillium notatum  enzyme assay (Shin et al. 1993). DEAE-cellulose,
strains were obtained from the Enzymean anion exchanger resin was used for the ion
Biotechnology  Laboratory, Department of exchange chromatography of glucose oxidase. A 2
Chemistry and Biochemistry, University of x 14 ¢cm glass column was packed with DEAE-
Agriculture, Faisalabad, Pakistan. Fungal straingellulose resin and equilibrated with potassium
were cultured on PDA (potato dextrose agarphosphate buffer pH 6.0 at@ (Zia et al. 2011). A
slants at 3%C for 6 days. Cultures were stored attota| of 100 fractions were collected after
4°C unless used (Ahmed et al. 2011). application of 1.5 mL of desalted enzyme.
Inocula forA. niger andP. notatum species were Sephadex G-200 was used to elute the desired
prepared in Vogel's broth as reported by Zia et aknzyme having highest specific  activity
(2010) and Iftikhar et al. (2010). Broth was(Sukhacheva et al. 2007). All the fractions
sterilized at 12%C for 15 minutes and cooled at collected were Subjected to enzyme ana|y3is and

room temperature. A loopful culture of fungalprotein determination (Worthington 1988).
spores was aseptically transferred to 250 mL

Erlenmeyer flasks containing 50 mL broth analysis of antimicrobial activity
medium and incubated at 120 rpm for 72 h in amhe antibacterial and antifungal effects of glucose
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oxidase were analyzed by disc diffusion methodshowed specific activity of 29.09 and
The test strains wereA. niger, A. flaws, 25.72 U mg, respectively. Singh and Verma
Escherichia coli, Saphylococcus aureus and (2010) reported the production of glucose oxidase
Pasteurella multoida. E. coli and S. aureus were by A. niger and obtained 3.3 U rilg specific
cultured on nutrient agar, whil&. niger and P.  activity of the enzyme after PEG based two-phase
notatum were grown on PDA. Round shaped filterisolation system. After  gel filtration
paper discs of 1.5 cm diameter placed on thehromatography, specific activity of enzyme was
microbial cultures, were applied with 100 pL62.0 and 59.37 U migby A. niger andP. notatum,
purified glucose oxidase. Incubation of loadedespectively (Fig. 3). Khurshid (2008) showed an
plates at 37C for 24 h resulted in the formation of increase in enzyme activity from 11.9 - 37.42
inhibition zones measured by zone reader (Hang & mL™* after purification by gel filtration
al. 2000; Choi et al. 2012). chromatography. EI-Sherbeny et al. (2005)
purified glucose oxidase by Sephadex G-200
treatment and obtained 65.203 U “mgpecific

RESULTS AND DISCUSSION activity. There was a small difference between the
specific activity in these studies, which could be
Production of glucose oxidase due to difference in strains and pH. However,

Crude preparation of glucose oxidase fran specific activity of the enzyme increased after
niger EBL-A and P. notatum showed 11.99 and every step of purification as shown in Figures 1-3.
21.105 U mL* activity, respectively with 2.32

U mg® and 553 U mg of specific activity. T 16
Bodade et al. (2010) investigated the productlon C: 3 ”
glucose oxidase bl. chrysogenum SRT 19 usmg
glucose as carbon source and reported 0.67 Y ml
enzyme activity. Khursid et al. (2011) reported
glucose oxidase activity of 2.96 U mLafter
fermentation byA. niger. These activities were
much lower than obtained in the present work
Kelly and Reddy (1986) reported glucose oxidas
with 0.17 U mg' specific activity obtained frorR.
chrysosporium. Khattab and Bazaraa (2005) usec. Fractions

A. niger and P. notatum for the production of Figure 1 - Specific activity of glucose oxidase frofn
glucose oxidase and utilized successfully as an niger and P. notatum after ammonium
antimicrobial agent against various disease causing sulfate precipitation.

agents.

1

BA. niger

R N =

Specific activity (U

B P. notatum

Purification of glucose oxidase 30 -
The crude extracts of both enzymes were subject
to ammonium sulfate precipitation at 60- 85%~
saturation. Enzyme fractions after 85% saturatloE
showed 4.56 and 9.9 U mgpecific activity of the
enzyme isolated fromA. niger and P. notatum,
respectively. Desalting of the enzyme resulted iig
an mcrease in specific activity to 15.52 and 12. O"‘
U mg* respectively (Fig. 1). These results were ir” 5 -
accordance with Khurshid (2008), who purified o LA i &
glucose oxidase by ammonium  sulfate 7 8 9 10 11 12 13 14 15 16
precipitation and reported an increase in enzym Fractions

activity by increasing ammonium sulfate - o . _
concentration. Figure 2 - Specific activity of glucose oxidase after ion
Results of specific activity of glucose oxidasenft exchange chromatography.
DEAE-cellulose treatment are presented in Figure

2. Glucose oxidase bg. niger and P. notatum

BA. niger

BP. notatum
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20 - Fractions with high specific activities were pooled
and applied for the determination of antimicrobial
effect of glucose oxidase on bacterial and fungal
strains. Specific activity of the purified enzyme
was appreciably higher than crude fractions from

mA. niger both the sources while the fold purification of

@r.rotatum  glucose oxidase fromA. niger was 2.5 times
higher than P. notatum. The results are
summarized in Table 1. The antimicrobial activity
was determined using the purified glucose oxidase,
as the impurities in the crude extract could
interfere with the antimicrobial effects of the

Figure 3 - Specific activity of glucose oxidase after gelenzyme. In addition, some non-enzymatic agents

filtration chromatography. might be present in the crude enzyme suspensions
that could mimic the enzymatic antimicrobial
activity, thus end up in false positive results
(Ahmadi 2012; Ahmad et al. 2012).
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Table 1 -Stepwise increase in the purity of glucose oxidem®m A. niger andP. notatum.

Purification step Specific activity (U mg") Fold purification
A. Niger P. notatum A. niger P. notatum
Crude extract 2.32 5.53 1 1
Desalted enzyme 15.52 12.05 6.69 2.17
lon exchange 29.09 25.72 12.53 4.65
Gel filtration 62 59.37 26.36 10.73
Antimicrobial activity of glucose oxidase decrease in pH ultimately results in fungicidal

Incidence of various microbial infections haseffects (Bradshaw 2011). Mundo et al. (2004) and
consistently increased in human and animdleiter et al. (2004) reported growth inhibition of
populations. However, the resistance against the. chrysogenumandA. niger by glucose oxidase.
conventional antibiotics has also increased due tas reported earlier, glucose oxidase has a strong
prolonged antimicrobial therapies. Proteins such asapacity to work as antifungal and antibacterial
glucose oxidase with potential antimicrobialagent. An antibiotic talaron produced by fungus
activity are ubiquitously present in a variety ofTalaromyces flavus contained 40% of its
microorganisms.A. niger and P. notatum are preparation as glucose oxidase (Kim et al. 1990).
potent producers of glucose oxidase, havingn vitro antimicrobial activity of the culture was
momentous bactericidal and fungicidal effecteexamined against clinical bacterial isolates
(Leiter 2004). namely, Bacillus subtilis and E. coli. It was

P. multocida andS. aureus are pathogenic bacteria observed that glucose oxidase inhibited the growth
causing avian cholera and human infections suabf B. subtilis andE. coli (Onyegeme-Okerenta et
as pimples, bacteraemia and sepsis. The purified. 2009). Vartiainen et al. (2005) reported the
glucose oxidase b#. niger had bactericidal action inhibition of B. subtilis and E. coli strains by

on both of these pathogenic microbes; while nglucose oxidase. Table 2 shows the effect of
such effect was noticed foE. coli. Glucose glucose oxidase from two different sources on
oxidase obtained after purification B notatum bacterial and fungal strains; while Table 3
was effective againstS. aureus, showing no represents the mathematical signs and grading of
effectiveness againgt coli andP. multocida. The the zone size for the antimicrobial activity of
investigations on the antimicrobial effects ofglucose oxidase. Glucose oxidase from both the
glucose oxidase revealed its property to producgources was examined for antifungal and
H,0O, in the presence of oxygen. Acidity of theantibacterial effects by using 100 pL glucose
medium is due to gluconic acid produced nonexidase.

enzymatically fromd-D-gluconolactone and the
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Table 2 —Effect of glucose oxidase as an antibacteriaREFERENCES
and antifungal agent.
Source of
glucose oxidas

Bacterial strains  Fungal strains Ahmadi F. Impact of different levels of silver
nanoparticles (Ag-NPs) on performance, oxidative

E. coli muItitl::;tida aurseus A. niger A. flavus enzymes and blood parameters in broiler chiflk
A. niger ) + + i i Vet J. 2012; 32(3): 325-328.
P. notatum - ) + ) ) Ahmad N, Rahman ZU, Akhtar N, Ali S. Effects of

aqueous methanolic extract of flax seedsngm
usitatissmum) on serum estradiol, progesterone,
kidney and liver functions and some serum
biochemical metabolites in immature female rBtk
Vet J. 2012; 32(2): 211-215.

Table 3 -Grading of results for antimicrobial activity
of glucose oxidase by disc diffusion.

serial Mathseig",? fical Zone  Interpretation Ahmed I, Zia MA, lftkhar T, Igbal HMN.
1 n 0.0-5.0 No or poor activity Chg(acter|zat|on and detergent qompe}t|b|l|ty of
2. + 1411 Activity present purified protease produced frofspergillus niger by
3' t 12-20 Moderate activity utilizing agro wastesBiores. 2011; 6(4): 4505-4522.
4' ot 21-30 Strong activity Bodade RG, Kho_pragade CN, Arfeen_ S. Optimization
5 et 31-40 Highly strong activity of culture conditions for glucose oxidase productio

by aPenicillium chrysogenum SRT 19 strainEngine

. . Life Sci. 2010; 10(1): 35-39.

Pure enzyme was introduced on the discs placgffagshaw CE. An in vitro comparison of the

on the fungal and bacterial cultures. A major dffec antimicrobial activity of honey, iodine and silver

of glucose oxidase fromA. niger were observed  wound dressingsBiosci Horizons. 2011; 1-10.

against P. multicida and S aureus, while no Choi MJ, Yohannes SB, Lee SJ, Damte D, Reza MA,
antifungal affects has been displayed by th Rhee MH, Kim TH, Park SC. Thein vitro

enzyme. In case of glucose oxidasePbyotatum, antibba_\cte_rial act_ivityf_ of benrofl_o>|<acin—;lrein&e\t/hogrim

H R combination agalnst ive bacterial specieal et J.

inhibition of S aureus was observed only. 2012: 32(3): 363-366.

CLSI (The Clinical Laboratory Standard Institute).
Agar dilution and disc diffusion susceptibility of
Campylobacter spp. J Clin Microbiol. 2007; 45(8):

. 2758-2759.

It was concluded that glucose oxidase frém crognalea S, Petrucciolia SM, Fenocea M, Federici F

niger was more effective against bacterial strains fed-batch gluconic acid production fraPenicillium

as compared tB. notatum. These findings showed variabile P16 under different feeding strategi€sz

that glucose oxidase from different sources could Microbiol Technol. 2008; 42(5): 445-449.

have difference in their effects against differentl-Sherbeny GA, Shinds AA, Sheriff YMMM.

bacteria, or fungi and further studies should be Optimization of various factors affecting glucose

carried out towards the development of new oxidase ?C%gy Pr(%‘;“ged 89‘;939”'“3 niger. Int J
Agric Bial. 5; 7(6): 953-958.
enzyme -drugs. . . o
y 9 Gornall AG, Bradwill CJ, David MM. Determination of
serum proteins by means of biuret reagenBiol
Chem. 1949; 177: 751-776.
Hang GS, Moore S, Jiaxin J, Dehui D. Antioxidative

] and antibacterial activity of methanol extract of
The research work was conducted in Enzyme artemisia anomala. J Food Sci Technol. 2000; 11(1):
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M.A. Zia, for M.Sc. thesis of Ayesha Riaz. Speciallftikhar T, Niaz M, Hussain Y, Abbas SQ, AshraZia
thanks to Higher Education Commission, Pakistan MA. Improvement of selected strains through gamma
for providing the financial support through NRPU irradiation for enhanced lipolytic potenti&lak J Bot.

Project No. 1119 and Dr. R.Z. Abbas for providing_ 2010; 42(4): 2257-2267.
some lab. facilities. Jeens DJ, Mackenzie AD, Roberts AD, Archer DB.

Hetrologous protein production by filamentous fungi
Biotechnol Gen Eng Rev. 1991; 9: 327-367.

CONCLUSIONS

ACKNOWLEDGMENTS

Braz. Arch. Biol. Technol. v.56 n.6: pp. 956-96.g\WDec 2013



Antimicrobial Activity of Glucose Oxidase 961

Jeong DK, Harrison MA, Frank JF, Wicker L. Trials o Sabir S, Bhatti HN, Zia MA, Sheikh MA. Enhanced
the antimicrobial effect of glucose oxidase on kait production of glucose oxidase usingenicillium
breast and muscld.Food Safety. 1992; 13(1): 43-49. notatum and rice polishFood Tech Biotechnol. 2007;

Kelemen BR, Lantz SE. Storage-stable glucose ogidas 45(4): 443-446.

2008; USPTO #20080152638. Saleemi MK, Khan MZ, Khan A, Mehmood MA,

Kelly RA, Reddy CA. Purification and characteripati Farooq M, Hameed S, Hassan ZU, Javed Nived
of glucose oxidase from lignolytic cultures of I. Molecular identification of blaclkspergilli isolated

Phanerochaete chrysosporium. J Bacteriol. 1986; from poultry feeds by sequencing of its regi®ak
166(1): 269-274. Vet J. 2012; 32(2): 171-174.

Khattab AA, Bazaraa WA. Screening, mutagenesis ar Schuster E, Coleman ND, Frisvad JC, Dijck PWMV.
protoplast fusion of Aspergillus niger for the On the safety ofAspergillus niger-a review. Appl
enhancement of extracellular glucose oxidas Amicrobiol Biotechnol. 2002; 59:426-435.
production.J Ind Microbiol. 2005; 32: 289-294. Shin KS, Youn HD, Han YH, Kang SO, Hah YC.

Khurshid S. Microbial production of glucose oxidase Purification and characterization of D-glucose
and its commercial applications. Pakistan: GCU Lhr; oxidase from white rot funguBleurotus ostreatus.
2008. Eur J Biochem. 1993; 215:747-752.

Khurhid S, Kashmiri MA, Qureshi Z, Ahmad W. Singh J, Verma N. Partition of glucose oxidase from
Optimization of glucose oxidase production by Aspergillus niger in agqueous two-phase systems
Aspergillus niger. Afr J Biotechnol. 2011; 10(9): based on salt and polyethylenBraz Arch Biol

1674-1678. Technol. 2010; 53(5): 1051-1056.

Kim KK, Fravel DR, Papavizas GC. Glucose oxidase aSukhacheva MV, Davydova ME, Netrusov Al.
the antifungal principle of talaron froifalaromyces Production ofPenicillium funiculosum 433 glucose
flavus. Can J Microbiol. 1990; 36(11): 760-740. oxidase and its propertieSppl Biochem Microbiol.

Leiter E. Investigations of antifungal proteins gwoed 2007; 40(1): 25-29.
by Penicillium chrysogenum. Debrecen: Faculty of Tiina M, Sandholm M. Antimicrobial effect of the
medicine. Univ; 2004. glucose oxidase-glucose system on food poisoning
Leiter E, Marx F, Pusztahelyi, Haas, Pocsj |. organismlintJFood Microbiol. 1988; 8:165-174.
Penicillium chrysogenum glucose oxidase-a study on Vartiainen BJ, Ratto M, Paulussen S. Antimicrobial
its antifungal effectsJ Appl Microbiol. 2004; 97(6): activity of glucose oxidase-immobilized plasma
1201-1209. activated polypropylene filmsPackag Technol ci.
Massa S, Petruccioli M, Brocchi GF, Altieri C, 2005;18:243-251.
Sinigaglia M, Spano G. Growth inhibition by glucoseWong CM, Wong KH, Chem XD. Glucose oxidase:

oxidase system of enterotoxischerichia coli and natural occurrence, function, properties and ingalst
Salmonella derby: in vitro studies. J Microbiol applications.Appl Microbial Biotechnol. 2008; 78:
Biotechnol. 2001; 17: 287-291. 927-938.

Mundo MA, Padilla-Zakour Ol, Worobo RW. Growth Worthington CC. Worthington enzyme manual.
inhibition of food born pathogens and food spoilage Enzymes and related biochemicalgvorthington

organisms by select raw honégt J Food Microbiol. Biochem. Coop. USA. 1988; 155-158.

2004; 97(1): 1-8. Zia MA, Kousar M, Ahmed I, Igbal HMN, Abbas RZ.
Musser R, Farmer E, Pieffer M, Felton G. Caterpille Comparative study of peroxidase purification from
salivary gland ablation technique for the clasatiizn apple and orange seedafr J Biotechnol. 2011;

of role of liable enzyme glucose oxidask.Chem 10(33): 6300-6303.
Ecol. 2004; 28: 1691-1696. Zia MA, Rehman K, Sheikh MA, Khan IA. Chemically

Onyegeme-Okerenta B, Chinedu S, Okafor U, Okochi treated strain improvement dfspergillus niger for
V. Antimicrobial activity of culture extracts of enhanced production of glucose oxidaks#.J Agri
Penicillium chrysogenum PCL501: Effects of carbon  Biol. 2010; 12(6): 964-966.
sourcesJ Biotechnol. 2009; 2(12): 602-619.

Rasul S, Zia MA, Sheikh MA, Iftikhar T. Enhanced
production and characterization of a noygiD- Received: June 16, 2012;
glucose: oxygen 1 oxidoreductase by using Accepted: August 20, 2013.
Aspergillus niger UV-180-C mutant strainAfr J
Biotechnol. 2011; 10(65): 14522-14533.

Braz. Arch. Biol. Technol. v.56 n.6: pp. 956-96.g\W{Dec 2013



