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Abstract 

The biodegradation and detoxification of dyes with thermophilic microflora, such as Anoxybacillus, 

has shown enormous benefits over the mesophilic pathways and conventional methods of dye 

decolorization. In this review, it was inferred that this type of microflora can decolorize wide variety 

of dyes, such as azo dyes at different pH and temperature conditions, especially with a high rate of 

decolorization. The induction of thermozymes primarily, laccase suggests its synergetic involvement 

in the degradation process of dyes. 
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Introduction 

 
Remote niches of thermal springs allow unique microorganisms to flourish that are source of essential 

products, such as enzymes, sugars and antibiotics. In recent past, thermophiles have garnered 

significant attention amongst the other members of extremophile family. Most of the identified 

species of thermophiles belongs to the domain of the archaea. Generally, thermophiles grows 

optimally at 60 to 80°C and belongs to the genera, such as Aquifex, Bacillus, Clostridium, 

Fervidobacterium, Rhodothermus, Thermoanaerobacter, Thermus and Thermotoga. They are of 

special interest due to their vital role in the biosynthesis of thermostable enzymes. They are, however, 

resistant to various physical and chemical denaturing agents present in the contaminated source. 

Further, these factors lead to environmental pollution caused by the release of a wide range of 

contaminants owing to industrial progress. The physical properties of industrial effluent are attributed 

to the presence of solid content, change in color, odour and temperature. However, the coloration of 

water bodies is assumed to be the most important indicator of water pollution. The discharge of 

effluents, containing synthetic dyes, can contaminate the water bodies. The conventional 

physiochemical methods of dye decolorization, such as adsorption (by activated charcoal), 

coagulation, ionizing radiation, oxidation (by ozone), precipitation and ultra filtration have limited 

applications. This can be attributed to high cost of investment, relatively low efficiency and 

generation of subsequent wastes. The emergence of bioremediation process, due to the natural ability 

of microorganisms, has proved advantageous over the conventional methods for dye degradation. 

Unlike mesophilic sources, highly thermostable enzymes have wide industrial applications. They can 

be isolated from thermophilic and / or hyperthermophilic microbial sources. Examples of such 

enzymes are amylases, cellulases, chitinases, dehydrogenases, esterases, isomerases, lipases, 

pectinases, proteases, pullulanases and xylanases. [1].[7].[9].[11] 
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Role of thermophiles in dye decolorization 
 

It is assumed that dye effluent contains 0.6 to 0.8 g/l of synthetic dyes. However, the pollution caused 

is mainly due to the persistence of dyes in waste water [8]. Therefore, it is important to discover and 

develop innovative treatments as well as technologies for the decolorization of dye effluents. Dyes are 

extensively used in wide range of industries applications, such as food industry, paper printing 

industry, textile industry, leather industry and plastic. Among the different type of dyes, azo dyes 

contribute largely within synthetic dyes. The overuse coupled with inefficient treatment of dyes can 

lead to critical environmental pollution. This trend is assumed to cause toxicity in aquatic ecosystem, 

cessation of photosynthesis, carcinogenesis and mutagenesis in humans, other animals and plants [4]. 

Unlike conventional methods, the biological methods seem to be most suitable and efficient. 

Microbes, generally bacteria, are found able to decolorize dyes in the wastewater through various 

aerobic, anaerobic or anaerobic/ aerobic systems. Unlike other techniques, the process of adsorption 

by live and / or dead microbial biomass is of great significance in the bioremediation of dyes [1]. 

Further, extremophiles helps potentially in bioremediation [10]. Various instances in the recent past 

have confirmed the potential of thermophiles in dye decolorization process. Banat et al concluded that 

a mixed thermophillic culture containing both gram-positive and negative thermophiles and pure 

Corneybacterium culture were able to decolorize the textile effluent containing 67 to 84% and 70 to 

99% of dyes, respectively at 60
o
C anaerobically under stationary incubation [2]. Another bacterium, 

Proteus mirabilis, was found to decolorize a red-coloured solution of azo dye in an anoxic static 

culture [3]. Similarly, a textile wastewater isolate, Paenibacillus azoreducens was able to decolorize 

Remazol Black B by 98% within 24 hours at 37
o
C [13]. A bacterial strain was isolated from 

wastewater drain of textile finishing company. The bacterium showed remarkable alkali-thermophilic 

properties and decolorized the azo dye [14]. An NADH-dependent azoreductase enzyme was isolated 

from an unknown bacterium that decolorized azo dyes at 80 °C [12]. 

 

Anoxybacillus & its competitive potential over other thermophiles  
 

Comparatively, a relatively new thermophilic bacterial genus Anoxybacillus, produce such enzymes 

that are thermostable as well as resistant to higher pH values. Anoxybacillus sp. is found in abundance 

in geothermal hot springs. Due to their alkalitolerant nature, they tend to be suitable for numerous 

effluent treatment applications, such as biomass hydrolysis and dye decolorization. Undoubtedly, 

these species are gaining industrial importance due to their thermostable gene products 

(thermozymes); primarily laccase. In addition, the contaminated waste water containing dye usually 

has high temperature ranging from 40 to 60°C. Herein, Anoxybacillus can be exploited for the 

removal of wide range of dyes present in industrial effluent [5]. Moreover, eight consortia of 

thermophiles were isolated from hot springs of Spain. These consortia proved their potential to 

decolorize Reactive Black 5 dye at 65 °C. Of these, three bacterial strains reflected close similarity 

with Anoxybacillus pushchinoensis, Anoxybacillus kamchatkensis and Anoxybacillus flavithermus [6]. 

Further, in countries like India, there is a high diversification at an ecological level. A thermophilic 

bacterium, Anoxybacillus rupiensis, showed a remarkable property of dye decolorization. 

Interestingly, it decolorized 75% of reddish-black effluent of a textile factory (based in Aurangabad, 

Maharashtra) at 60 °C in eight days. [7] 
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