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Abstract 

Recent research and development on applications of Oxizymes in Biosensor and 

Bioelectronic devices for biomedical interventions are described. Laccase based 

biosensors have proved to be beneficial in detecting phenolic compound in food. Laccase 

conjugated with microspheres and gold nanoparticles have been used in the detection of 

azo-dye. Glucose biosensors exploit glucose oxidase (GOD) for the diagnosis of Diabetes. 

GOD assay kits have been successfully commercialized with an ever increasing demand. 

Cholesterol, being a major parameter in different diagnosis, can be detected by means of 

Cholesterol oxidase biosensors that has revolutionized to a more stable and more efficient 

form with the incorporation of two other enzymes. 

 

1. INTRODUCTION 

Oxidoreductases or Oxizymes as affectionately termed are enzymes which act in 

the bio-catalysis of oxidation/reduction reactions exchanging electrons or redox 

equivalents between a donor and acceptor molecules. The reaction mechanism may be 

driven by but not limited to electron transfer, proton abstraction, hydrogen extraction, 

hydride transfer and oxygen incorporation. In this biocatalytic reaction atleast one 

reducing and one oxidizing substrates are involved which are either activated or 

transformed. Redox centers of such enzymes are buried deep into the protein matrix 

modulating redox potential, molecular selectivity, reactivity, reaction stability. Oxizymes 

have aromatic amino acid residues like tyrosine or cysteine, phenylalanine as their potent 

redox centers, metal ions or complexes coupled with prominent coenzymes like FMN, 

FAD, PPQ to name a few.  

Oxidoreductases have widespread distribution in nature including microbes, plants and 

animal species. Based on sequence and three dimensional structural analyses in 
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conjunction with their multifaceted mechanistic models are broadly classified as flavins, 

nicotinamide dehydrogenases, oxidases and mono- and di-oxygenases.  

Oxizymes are under rigorous investigation worldwide for their application 

potential as industrially and medically relevant enzymes. Although the application 

potential of these groups of enzymes has found successful application in industrial, food 

and environmental bioremediation domain, however their promising applications as 

medically relevant enzymes are limited. In this current chapter, the application potential 

of Oxizymes/Oxidoreductases as medically relevant enzymes has been discussed with 

special reference to few commercial applications of the same in India. However the 

current scenario of application potential of these redox enzymes in disease diagnostics 

and therapeutics are limited owing to gap between academia and industry and strategies to 

overcome such problem would be discussed in this chapter. 

 

1.1 APPLICATIONS OF OXIZYMES  

 

Oxizymes are group of redox enzymes which during their enzymatic reactions produces 

products which are of high commercial significance including synthesis of fine chemicals 

as pharmaceuticals, flavors and fragrances. In conjunction to value added products these 

group of enzymes exhibits products which are utilized as reactants or substrate for 

coupled chemical or bio catalytic reactions with detectable optical, electrical and other 

physical measurements. Physico-chemical signals generated from redox biocatalysis is 

under investigation by national and international research groups for its promising 

application in designing biosensing platforms. Although these groups of enzymes have 

multi-domain applications, however the chapter will restrict to the recent research and 

development on application of oxidoreductases/Oxizymes in medical diagnostics and 

therapeutics and allied health sciences in the world and discuss the recent application or 

potential application perspective in India.              

 

1.1.1 BIOSENSORS AND BIOELECTRONICS 

 

Oxidoreductase immobilized bio-recognition elements are extensively researched during 

the last few decades due to the growing advent of biosensors in medical interventions. 

Prominent oxidoreductases with successful application in medical diagnosis includes but 

not limited to laccase, glucose oxidase, alcohol oxidase and cholesterol oxidase.  

Laccase based biosensors are of interest to the researchers since recent past decade for 

their specificity, stability and economic standpoint in conjunction to its well-studied 
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biocatalytic mechanisms for detection of analyte in food quality assurance, environmental 

pollution monitoring, pharmaceutical and clinical analysis

[1]. Laccase immobilized electrochemical biosensors are extensively reported in detecting 

phenolic compounds in food and environmental samples [2], [3], [4], [5], [6]. Laccase 

based optical biosensors provide an attractive alternative to traditional analysis methods 

for detecting harmful phenolic metabolites in food like catechol, guaicol, o-cresol and m-

cresol [7] Recent advancements in laccase based biosensors highlights a laccase enzyme 

conjugated microspheres and gold nanoparticles coated screen printed electrode for 

detecting azo-dye tartrazine [8]. This synthetic organic food dye finds its application as 

additives in food and beverage industry but poses a great threat to human health if its 

intake is higher than the permissible limit for the body and may lead to certain adverse 

health problems ranging from allergies migraines, eczema, anxiety, diarrhoea and 

childhood hyperactivity to name a few [9]. This convenient, rapid and inexpensive 

detection platform would replace the conventional detection techniques involving 

spectrophotometry [10], chromatography [11], mass spectrometry-chromatography [12], 

capillary electrophoresis [13] and electrochemical methods [14]. 

A review published by Laxmi Ananthanarayan and group in 2009 on homo dimeric 

glucose oxidase highlights the multifaceted application of this commercial goldmine from 

its use as an analytical enzyme in glucose biosensor for diabetes monitoring to food and 

beverages, oral hygiene, textile industry, wineries and in biofuel cell application. Glucose 

oxidase/GOD (β-D-glucose:oxygen 1-oxidoreductase) bio-catalyzes the oxidation of β-D-

glucose to gluconic acid with simultaneous production of hydrogen peroxide (H2O2) by 

utilizing molecular oxygen as an electron acceptor [15]. The commercial applications of 

this class of oxizyme in the field of health and disease diagnostics are indispensible like 

glucose removal from dried eggs, enhancing the quality of color, flavour and shelf life of 

food material, removing rancidity from canned and packaged food materials. GOD has 

successfully been commercialized as an analytical biocatalyst in automated glucose assay 

kits in association with catalase. Most commendable commercial application of GOD that 

had revolutionized the health sector in India and abroad during the last two decades is in 

quantitative monitoring of glucose in diabetic patients from body fluids. Antagonistic 

effect of GOD against various food borne pathogens are also well reported in literature 

[16](Kapat et al., 1998) adding to its beneficial role in public health domain. Implantation 

of GODs for critical diabetic patients, based                

An important member of flavin-specific oxidoreductase, Cholesterol oxidase, secures its 

valuable position in the diagnosis of Cholesterol, which serves as an important parameter 

in the diagnosis of Coronary Heart disease, Thrombosis, Arteriosclerosis as well as 

Myocardial infarction [17]. Determination of cholesterol based on release of flavin 
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adenine dinucleotide (FAD) from Cholesterol oxidase with subsequent formation of 

Boronic acid ligand with pyrroquinoline quinone and subsequent volumetric detection, 

proves to be beneficial. Total cholesterol can also be detected by cholesterol oxidase in 

combination with two other enzyme (cholesterol esterase and horseradish peroxidase) 

immobilized on a two dimensional self-assembly monolayer, provides better detection 

[18]. 

 

CONCLUSION AND DISCUSSION: 

Oxizymes is present in nature as a product of various metabolic pathway operating inside 

living entities. These oxizymes are involved in various biochemical processes that 

promote better adaptation of these organisms to their habitat. However, these enzymes 

can be clinically utilized to serve as a diagnostic tool for various disorders. Laccase, 

which is obtained from different sources can used for the construction of a biosensor. 

Laccase conjugated with microspheres and gold nanoparticles have proved to be efficient 

in the detection of azo-dye. Detection of blood glucose has become an essential task for 

every fourth person. Glucose oxidase has been utilized to be incorporated into a biosensor 

for this purpose. Oxidation of β-D glucose to glucuronic acid and subsequent release of 

H2O2  serves the medium of detection. Cholesterol oxidase, is a flavoenzyme specific to 

bacteria, which found its application in the detection of cholesterol in the body, by 

simultaneous release of FAD with reaction accomplishing the binding of pyrroquinoline 

quinone with Boronic acid ligand. 

                                                           
Journal Article 

 
[1] de Oliveira Neto, J. R., Rezende, S. G., Lobón, G. S., Garcia, T. A., Macedo, I. Y. L., Garcia, L. F., ... & 

de Souza Gil, E. (2017). Electroanalysis and laccase-based biosensor on the determination of phenolic content 

and antioxidant power of honey samples. Food chemistry, 237, 1118-1123. 

[2] Rodríguez-Delgado, M. M., Alemán-Nava, G. S., Rodríguez-Delgado, J. M., Dieck-Assad, G., Martínez-

Chapa, S. O., Barceló, D., & Parra, R. (2015). Laccase-based biosensors for detection of phenolic 

compounds. TrAC Trends in Analytical Chemistry, 74, 21-45. 

[3] Gamella, M., Campuzano, S., Reviejo, A. J., & Pingarrón, J. M. (2006). Electrochemical estimation of the 

polyphenol index in wines using a laccase biosensor. Journal of agricultural and food chemistry, 54(21), 

7960-7967. 

[4] Portaccio, M., Di Martino, S., Maiuri, P., Durante, D., De Luca, P., Lepore, M., ... & Mita, D. G. (2006). 

Biosensors for phenolic compounds: The catechol as a substrate model. Journal of Molecular Catalysis B: 

Enzymatic, 41(3-4), 97-102. 

[5] Garcia, L. F., Benjamin, S. R., Marreto, R. N., Lopes, F. M., Golveia, J. D. S., Fernandes, N. C., & Gil, E. 

S. (2015). Laccase carbon paste based biosensors for antioxidant capacity. The effect of different 

modifiers. Int. J. Electrochem. Sci, 10(7), 5650-5660. 

[6] Fernández-Fernández, M., Sanromán, M. Á., & Moldes, D. (2013). Recent developments and applications 

of immobilized laccase. Biotechnology Advances, 31(8), 1808-1825. 

[7] Abdullah, J., Ahmad, M., Heng, L. Y., Karuppiah, N., & Sidek, H. (2007). An Optical Biosensor based on 

Immobilization of Laccase and MBTH in Stacked Films for the Detection of Catechol. Sensors, 7(10), 2238-

2250. 

[8] Mazlan, S.Z., Lee H.Y., Hanifah S.A. (2017) A new laccase based biosensor for tartrazine. Sensors, 

17(12), 2859. 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 9, September 2018

ISSN NO: 0975-6876

http://cikitusi.com/105



                                                                                                                                                                
[9] Gan T., Sun J., Cao S., Gao F., Zhang Y., Yang Y. (2012). One-step electrochemical approach for the 

preparation of graphene wrapped-phosphotungstic acid hybrid and its application for simultaneous 

determination of sunset yellow and tartrazine. Electrochemica Acta, 74, 151-157. 
[10] Zalacain, A.; Ordoudi, S.; Blazquez, I.; Díaz-Plaza, E.M.; Carmona, M.; Tsimidou, M.; Alonso, G. 

Screening method for the detection of artificial colours in saffron using derivative UV-Vis spectrometry after 

precipitation of crocetin. Food Addit. Contam. 2005, 22, 607–615. 

[11]Yoshioka, N.; Ichihashi, K. Determination of 40 synthetic food colors in drinks and candies by high-

performance liquid chromatography using a short column with photodiode array detection. Talanta 

2008, 74, 1408–1413. 

[12] Feng, F.; Zhao, Y.; Yong, W.; Sun, L.; Jiang, G.; Chu, X. Highly sensitive and accurate screening of 40 

dyes in soft drinks by liquid chromatography–electrospray tandem mass spectrometry. J. Chromatogr. B 

2011, 879, 1813–1818. 
[13] Huang, H.-Y.; Shih, Y.-C.; Chen, Y.-C. Determining eight colorants in milk beverages by capillary 

electrophoresis. J. Chromatogr. A 2002, 959, 317–325. 

[14] Karim-Nezhad, G.; Khorablou, Z.; Zamani, M.; Dorraji, P.S.; Alamgholiloo, M. Voltammetric sensor for 

tartrazine determination in soft drinks using poly (p-aminobenzenesulfonic acid)/zinc oxide nanoparticles 

in carbon paste electrode. J. Food Drug Anal. 2017, 25, 293–301.  

[15] Hatzinikolaou DG, Macris BJ. Factors regulating production of glucose oxidase by Aspergillus niger. 

Enzyme Microb Technol 1995; 17:530–4. 

[16] Kapat A, Jung J, Park YH. Improvement of extracellular recombinant glucose oxidase production in fed-

batch culture of Saccharomyces cerevisiae: effect of different feeding strategies. Biotechnol Lett 

1998;20(3):319–23. 

[17] Arya, S. K., Datta, M., Singh, S. P., & Malhotra, B. D. (2007). Biosensor for total cholesterol estimation 

using N-(2-aminoethyl)-3-aminopropyltrimethoxysilane self-assembled monolayer. Analytical and 

bioanalytical chemistry, 389(7-8), 2235-2242. 

[18] Vidal, J. C., Espuelas, J., & Castillo, J. R. (2004). Amperometric cholesterol biosensor based on in situ 

reconstituted cholesterol oxidase on an immobilized monolayer of flavin adenine dinucleotide 

cofactor. Analytical biochemistry, 333(1), 88-98. 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 9, September 2018

ISSN NO: 0975-6876

http://cikitusi.com/106

https://www.sciencedirect.com/science/article/pii/S0013468612005956#!
https://www.sciencedirect.com/science/article/pii/S0013468612005956#!
https://www.sciencedirect.com/science/article/pii/S0013468612005956#!

