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            Abstract

            
               
Enzymes are biocatalysts responsible for driving all biochemical reactions in the cells. The enzymes determine the physiology
                  of a cell and together regulate the growth and proliferation of cells in response to various environmental signals. The ability
                  of cells to adapt and respond to environmental conditions can be utilized for industrial applications. Hydrolases and oxidoreductases
                  are the most common classes of enzymes used in various industries such as pharmaceutical, food and beverages, bioremediation
                  and biofuels, among others. Oxidoreductases are the EC1 class enzymes that catalyze the biological oxidation and reduction
                  reactions. They transfer electrons from one molecule (reductant that donates electron) to other molecules (oxidants those
                  accept electron). Usually, the enzymes of this class are NAD+ (Nicotinamide Adenine Dinucleotide) or NADP (Nicotinamide Adenine Dinucleotide Phosphate)-dependent. The oxidoreductases
                  are a diverse class of enzymes responsible for catalyzing highly stereo selective and regioselective reactions, because of
                  which they are the enzymes of choice for synthesis of optically-active compounds. Alcohol dehydrogenase (ADH) is one of the
                  most studied oxidoreductases. Generally, ADHs have narrow specificity towards their substrates. Here we are looking for ADH
                  having high/ broad specificity towards the substrate. This review discusses the enzyme oxidoreductase, synthetic transformation
                  with oxidoreductase and application of oxidoreductase in bioremediation. 
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               Introduction

            Enzymes are the biological molecules (proteins), which are known as biological catalysts. In biology, catalysts are the molecules
               which accelerate chemical reactions. These are the macro molecules that catalyze all biochemical reactions  (Cooper, 2000). The molecules which are catalyzed by enzymes are known as a substrate to give different molecules known as products. The
               biochemical reactions occurring inside a cell (microbial cell, plant cell or animal cell) need catalysts, ie enzyme to enhance
               the rate of reaction. More than 5000 types of biochemical reactions are known, which are catalyzed by enzymes  (Robinson, 2015).
            

            Enzymes play a significant role to facilitate the human activities. The role of enzymes in the metabolic processes needs more
               investigation for drug development. Nowadays, many food industries use enzymes or microbes that produce a particular enzyme
               required for food processing applications  (Raveendran, 2018). Also, the beverage industries, including wine and other drinks, use enzymes for mass production. Enzymes catalyze a variety
               of chemical transformations. For this property of enzymes, nowadays, the catalysts are the primary target for exploration
               as per the demand by various industries  (Singh, 2016). Various industrial chemical reactions involve the oxidation-reduction processes and the application of oxidoreductases
               to conduct synthetic transformation. There is a vast significance use of the enzymes belonging to the oxidoreductase class
               (Li, 2012). This review discusses the oxidoreductases, synthetic transformation with oxidoreductases and the applications of oxidoreductases
               in bio remediation. 
            

            
               General Overview of Enzymes
               
            

            Enzymes are a large group of proteins which are involved in highly active and specific catalysis of physiological reactions
               (Shugrue & Miller, 2017). Of course, there are some potential difficulties in working with enzymes. Commonly denaturation and inactivation of enzymes
               occurs if proper precautions are not taken  (Vieille & Zeikus, 2001).
            

            In many cases, we cannot use the microbial cells, plant cells or animal cells, as a bioreactor for an application. So, we
               need to isolate the enzyme and use it in a cell-free environment. For that purpose, first, we have to identify the area where
               the enzyme is located ie, whether it is intracellular (cytoplasmic or membrane-bound) or extracellular. Nowadays, enzymes
               are the main target for applications by the leading biotechnology-based industries  (Gurung, 2013). 
            

            
               Oxidoreductases
               
            

            Oxidoreductases are a large family of enzymes that catalyze the biological oxidation-reduction processes. In this process,
               the transfer of electrons takes place from one molecule to another molecule  (Martínez, 2017). Reductants are those molecules that donate the electrons and are also called as electron donors and oxidants are those
               molecules which accept the electrons also called as electron acceptors. The enzymes of this class are usually NAD+ (nicotinamide adenine dinucleotide) or NADP+ (nicotinamide adenine dinucleotide phosphate) -dependent. They use NAD+ and NADP+ as cofactors for redox reaction. Oxidoreductases are classified as EC1 (enzyme commission number one) in EC number classification
               of enzymes  (Vidal, Kelly, Mordaka, & Heap, 2018).
            

            A large family of enzymes, which belongs to the oxidoreductases is of alcohol dehydrogenases (ADHs). Oxidation of aldehydes
               is carried out by the alcohol dehydrogenases along with the reduction of NAD+ to NADP+. Several alcohol dehydrogenases have been isolated, purified and characterized. The majority of these enzymes are studied
               from animals, plants, microbes and yeasts  (Gaona-López, Julián-Sánchez, & Riveros-Rosas, 2016).
            

            Based on metal ion dependence, the alcohol dehydrogenases have been divided into three categories.

            
                  
                  	
                     Those enzymes with subunit MR value (relative molecular weight) of around 40000. The enzymes of this category are also known as Zinc-dependent oxidoreductases.
                        The Zn2+ plays an important role in stability and activity of these oxidoreductases. 
                     

                  

                  	
                     The enzymes of this category are known as Ferric-dependent alcohol dehydrogenases, having approximately the same MR value as the previous type. These are found in bacteria and fungi. The ferric oxidoreductases are oxygen-sensitive.
                     

                  

                  	
                     The enzymes of this category are known as non-metalloenzymes with sub unit Mr Value of 28000  (Edenberg & McClintick, 2018).
                     

                  

               

            

            Multiple types of ADHs are found in human, which are active as dimers and encoded by seven genes. These genes are mainly divided
               into five types which are named as classes I-IV. The class I is subdivided into three types ie ADH1A, ADH1B, ADH1C which have
               α, β and γ subunits respectively. The enzyme encoded by the class I gene is known as ADH1. The enzymes encoded by class II
               to class V are known as ADH4, ADH5, ADH6 and ADH7, respectively  (Edenberg, 2007).
            

            A large group of yeast and bacteria contain alcohol dehydrogenase (YADH), which plays a significant role in fermentation.
               Pyruvate is converted to aldehydes and carbon dioxide during glycolysis which is mediated by alcohol dehydrogenase ADH1  (Xu, 2019). Zinc-containing alcohol dehydrogenases are also found in yeast and bacteria. Another type of ADH is found in Baker’s yeast,
               ie ADH2, which is used for conversion of aldehydes to alcohol. ADH2 is expressed during low concentration of sugar in the
               medium. Apart from the yeast and bacteria, some plant species also contain alcohol dehydrogenases. There are two types of
               ADHs found in maize plant, viz. ADH1 and ADH2. Whereas Arabidopsis thaliana (a small flowering plant found in Africa and Eurasia) also possess one type of ADH gene which 47% conserved structurally with ADH of horse liver (HLADH)  (Pal, Park, & Plapp, 2009). 
            

            It involves a variety of mechanistic, like oxidases, the mono- and di-oxygenases, and the FAD (Flavin Adenine Dinucleotide)
               and NAD-dehydrogenases. Because of this enormous diversity and the fact that many oxidoreductases require co-factors for catalytic
               activity, the application of each oxidoreductase subclass and even each enzyme requires a specific substrate and cofactor.
               Mainly NAD+ or NADP+ is used as the cofactors for oxidoreductases  (Chánique & Parra, 2018). 
            

            
               Synthetic Transformation with Oxidoreductase:
               
            

            The HLADH accepts a large number of substrates, including acyclic-, mono-, bicyclic and tetra-cyclic structures, and functions
               with high enantiomeric specificity and prochiral stereo specificity. One limitation of HLADH is that it has very low substrate
               specificity towards the secondary alcohols. Therefore such compounds cannot be considered for synthetic application.  (Vieille et al., 2001).
            

            There is another new and very useful dehydrogenase, ie hydrogenase which has the unique character that it can reduce electron
               acceptors with molecular hydrogen. The hydrogenase isolated from “Alcaligenes eutrophus”  was an unstable enzyme and air-sensitive. To overcome this problem, whole cells having hydrogenase activity were immobilized.
               (Yagi & Higuchi, 2013).
            

            
               Enzymes Used in Bioremediation
               
            

            Different species of bacteria, fungi and higher plants are used for detoxification of toxic compounds which is mediated by
               oxidoreductases.  (Karigar & Rao, 2011). The contaminants are oxidized to harmless compounds through such an oxidation-reduction process. Oxidoreductases degrade
               various phenolic compounds that are produced by the decomposition of lignin in the soil environment. The way phenolic and
               aniline compounds are degraded, oxidoreductases can also detoxify xenobiotics by polymerization or co-polymerization with
               other substrates  (Park, Park, & Kim, 2006). Microbial oxidoreductases have also been utilized for the decolorization and degradation of azo dyes. Bacteria work as
               an electron transporter system as they take up electrons from organic compounds and use radioactive metals as final electron
               acceptors during this process  (Karigar et al., 2011). 
            

            The paper and pulp industries release recalcitrant wastes containing copious amounts of chlorinated phenolic compounds. The
               partial degradation of lignin during pulp bleaching process releases these chlorinated phenolic compounds. Many known fungal
               and bacterial species are suitable for the removal of these chlorinated phenolic compounds  (Rubilar, Diez, & Gianfreda, 2008). Being filamentous, they can reach the soil pollutants more effectively than other microbes like bacteria  (Viswanath, 2014). 
            

            Sometimes plants are also used to degrade the phenolic compounds from polluted water because their root cells release the
               degradative enzymes. Some organic contaminants like fluorinated water, explosives, and petroleum hydrocarbons can be degraded
               through phytoremediation. Oxygenases are enzymes that belong to the group of oxidoreductases  (Porter, Rusli, & Ollis, 2016). They catalyze the oxidation of reduced substrates by transferring oxygen from molecular oxygen, utilizing FAD/NADPH (Reduced
               NADP)/NADH (Reduced NAD+) as cofactor. In general, the incorporation of molecular oxygen into the organic molecule by oxygenase results in break-down
               of organic rings  (Romero, 2018). 
            

            Now-a-days halogenated organic compounds are rising as a significant group of pollutant due to widespread use of chemical
               products. Specific oxygenases are used to degrade these pollutants. Oxygenases mediate the degradation of halogenated methane,
               ethane and ethylene in association with other multifunctional enzymes  (Bhatt, 2007). Laccases can catalyze the oxidation of ortho and para-diphenols, amino-phenols, poly-phenols, poly-amines, lignin and aryl
               diamines produced by many micro-organisms and also by some plants  (Catherine, Penninckx, & Frédéric, 2016). 
            

            At present, among the biological agents, laccase represents an exciting group of ubiquitous oxidoreductase enzyme that offers
               excellent potential for biotechnological and bioremediation applications. With the change in pH, the substrate specificity
               and affinity of laccases vary. Some halides excluding iodide, azide, cyanide and hydroxide, inhibit laccase activity  (Shraddha, 2011). The peroxidases can be of two types i e haem or non-haem proteins. They have different roles in animal and plant cells
               (Vlasova, 2018).
            

            
               Synthetic Applications of Oxidoreductase
               
            

            Oxidoreductase plays a significant role in the oxidoreductase-mediated asymmetrical synthesis of amino-acids, steroids, and
               other pharmaceutical and useful chemicals compounds  (Pinto, Saraiva, & Lima, 2008). Other probable future applications of oxidoreductase could be seen in the areas of polymer synthesis, as well as oxygenation
               of hydrocarbons. As we discussed nowadays, oxidoreductase has a vast area of application. Oxidoreductases are also used for
               the synthesis of chiral alcohols. The chiral alcohols are beneficial components for the growing chemical and pharmaceutical
               industries  (Younus, 2019).
            

            The chiral alcohols work as the intermediate for the production of many pharmaceutical products.  (Patel, 2003). These oxidoreductases are mainly NAD+-dependent ADHs which are isolated from yeast, horse liver, Candida parapsilosis,  and Pseudomonas.  NADP+-dependent alcohol dehydrogenases are isolated from Themo anareobium brochi  and Lactobacillus kefer,  aldehyde reductase is present in Sporobolomyces salmonicolor and the enzyme  carbonyl reductase is extracted from Candida magnolia.  However they have the same problem as others, a narrow specificity towards the substrates, ie insufficient stereospecificity
               or sensitivity towards the organic solvents, and this is the main disadvantage  (Danielsson & Jornvall, 1992). 

            Intensively, the ADHs from Saccharomyces cerevisiae have been studied for more than half a century. The ADHs are used widely as excellent catalysts in synthetic industries 
               (Smidt, Preez, & Albertyn, 2008). However, in many reactions, difficulties remain in achieving sufficient purity and productivity  (Musa & Phillips, 2011). To overcome this disadvantage of conventional processes, the biological catalysts, ie enzymes, are used for the asymmetrical
               synthesis of optically pure substances  (Liu, 2018). 
            

            A variety of alcohol dehydrogenases which use nicotinamide, ie NAD+ or NADP+ as cofactors have been identified in thermophilic anaerobes. Both Thermo anaerobacter brockii  HTD4 and Thermoanaerobacter ethanolicus  39E contains a novel, thermoactive NADP-linked alcohol dehydrogenase (TBADH) that is absent in other thermo-anaerobes that
               produce ethanol  (Burdette, Jung, Shen, Hollingsworth, & Zeikus, 2002).  Secondary alcohol dehydrogenase from Thermoanaerobacter brockii has been studied in great detail which uses NADP+ as a cofactor. This enzyme named as NADP-dependent alcohol-aldehyde/ketone oxidoreductase shows the highest activity with
               secondary alcohols and moderate activity with ketones and the least activity towards the primary alcohols  (Lamed & Zeikus, 1981). Thermoanaerobacter ethanoculis  JW200 expresses two alcohol dehydrogenases which have been purified and studied. The primary and secondary alcohol dehydrogenases
               have been synthesized during different stages of life cycles. The secondary alcohol dehydrogenase is synthesized during growth
               which has low Km value for acetaldehyde than primary alcohol dehydrogenase which is synthesized latter during fermentation and may participate
               in the conversation of alcohols to aldehydes  (Peng, Wu, & Shao, 2008).
            

            Another ADH, known as pyrroloquinoline quinone-dependent alcohol dehydrogenase (PQQ-ADH), was found in acetic acid bacteria.
               More than ten genera belong to the acetic acid bacteria (Acetobacter, Gluconobacter, Acidomonas, among others). After the study of the complete genome of Acetobacter pasteurianus,  the genes that code for PQQ-ADH were revealed. PQQ-ADH has biotechnological applications for the production of valuable chemicals
               and bio catalysts for sensors and fuel cells by enantiospecific oxidation. PQQ-ADH uses both direct and indirect electron
               transfer technology. PQQ-ADH reported from Acetobacter lovaniensis & G. oxydans having broad specificity towards the substrate. PQQ-ADH can oxidize primary alcohols up to 6-C compounds except for methanol.
               Later it was also reported that PQQ-ADH could oxidize acetaldehydes from G. diazotrophicus.  Recently, it was reported that PQQ-ADH could oxidize glycerol at high conc. ie >1M. Formaldehyde can also be a substrate
               for PQQ-ADH  (Yakushi & Matsushita, 2010).

         

         
               Conclusion

            Oxidoreductases are the enzymes that are predominantly involved in catalytic oxidation-reduction reactions. The most extensively
               studied oxidoreductase enzyme is alcohol dehydrogenase (ADH). Hence, ADH having broad specificity will play a significant
               role in the future. ADHs play a significant role in the synthetic application of chiral alcohol which is very useful in pharmaceutical
               and chemical industries. The chiral alcohols are the critical intermediates for antihypertensive drugs, Ca2+ and K+ channel blocking drugs, antiarrhythmic drugs, antiviral and anti-cholesterol drugs. There are some commercial ADHs are available
               like NADP dependent YADH, NADP dependent HLADH, NADP dependent TBADH. However, they do not show broad specificity towards
               the substrate and are NADP dependent. These are two significant drawbacks of these available. In recent, the application of
               redox enzymes in biosensor-based diagnosis is reported. If the enzyme has high substrate specificity, it can be applied as
               a biosensor. Besides this, such enzymes can be applied in fuel technology as a catalyst. PQQ-ADH, which is an NADP- independent
               oxidoreductase isolated from acetic acid bacteria, is used for several applications.
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