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nzymes are highly specific biological catalysts that accelerate biochemical reactions 

essential for the growth, development, and survival of living organisms. In plant 

pathology, enzymes play a crucial role in the interaction between plants and pathogens. Plant 

pathogenic fungi and bacteria produce extracellular enzymes such as cellulases, pectinases, 

xylanases, and proteases that degrade plant cell walls, enabling infection and disease 

progression, while plants synthesize defense-related enzymes to restrict pathogen invasion 

and enhance resistance. Owing to their significant roles in disease development and plant 

defense, enzymes are extensively studied in plant pathology. However, enzymes obtained 

from microbial cultures are usually mixed with various impurities, making purification 

necessary to isolate the target enzyme while preserving its activity. Subsequently, enzyme 

estimation is performed to determine the concentration and catalytic activity of the purified 

enzyme using biochemical and analytical techniques. Together, enzyme purification and 

estimation are fundamental processes for understanding enzyme function, characterizing their 

properties, and exploring their applications in plant disease management, agriculture, and 

biotechnology. 

Production of Extracellular Enzymes 
The purification process begins with the production of extracellular enzymes through 

microbial fermentation. Depending on the microorganism and the intended application, 

enzymes are generally produced by either submerged fermentation or solid-state 

fermentation. Both techniques are widely used for cellulase production and other hydrolytic 

enzymes because they provide suitable conditions for microbial growth and enzyme 

secretion. In submerged fermentation (SmF), microorganisms are cultivated in a liquid 

nutrient medium where nutrients remain dissolved or suspended in water. Carbon sources 

such as carboxymethyl cellulose (CMC), sugarcane bagasse hydrolysate, rice straw extract, or 

other cellulose-rich materials are commonly included in the medium to stimulate cellulase 

production. Fungal inoculum is generally prepared as a spore suspension, whereas bacterial 

cultures are grown in nutrient broth before inoculation. The fermentation is carried out under 

controlled temperature, pH, aeration, and agitation, allowing microorganisms to release 

extracellular enzymes into the culture broth. Because the enzymes remain in the liquid 

medium, downstream recovery and purification become relatively simple. Another important 

method is solid-state fermentation (SSF), in which microorganisms grow on moist solid 

substrates with little or no free-flowing water. Agricultural residues such as wheat bran, rice 

bran, sugarcane bagasse, sawdust, fruit peels, and paper waste serve as substrates as they are 

rich in cellulose and other polysaccharides that induce enzyme production.  
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After inoculation, the 

substrate is incubated under 

controlled environmental 

conditions that support 

microbial growth and enzyme 

secretion. The enzymes are 

later extracted from the 

fermented substrate by 

filtration or centrifugation. 

Solid-state fermentation is 

particularly attractive because it utilizes inexpensive agricultural wastes, requires less water, 

produces concentrated enzyme preparations, and minimizes contamination during cultivation. 

Purification of Enzymes 
Purification is a systematic process that separates the desired enzyme from other cellular 

components and impurities while preserving its biological activity. Since crude enzyme 

extracts contain a mixture of proteins and non-protein molecules, purification is carried out in 

several sequential steps, each improving enzyme purity and concentration. 

 The first purification step commonly involves ammonium sulphate precipitation, a 

technique based on the principle of protein solubility. As the concentration of ammonium 

sulphate increases, proteins gradually lose their solubility and precipitate from the solution. 

Different proteins precipitate at different salt concentrations, allowing partial separation of 

the desired enzyme. The precipitation process is generally carried out at low temperature to 

maintain enzyme stability, and the precipitated protein is collected by centrifugation. This 

method is inexpensive, simple, and widely used for concentrating enzymes before further 

purification. 

 Following precipitation, the enzyme solution contains a considerable amount of 

dissolved salts that may interfere with subsequent purification steps. Therefore, dialysis is 

performed to remove these small molecules. In this technique, the enzyme solution is placed 

inside a semipermeable dialysis membrane and immersed in an appropriate buffer. Small 

molecules such as salts diffuse through the membrane into the surrounding solution, whereas 

larger enzyme molecules remain inside the dialysis bag. This process effectively desalts the 

enzyme preparation and prepares it for chromatographic purification. 

 

 Further purification is achieved by gel filtration chromatography, also known as size-

exclusion chromatography. In this method, proteins are separated according to their 
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molecular size using porous gel beads packed inside a chromatography column. Larger 

protein molecules are unable to enter the pores of the beads and therefore pass rapidly 

through the column, while smaller proteins enter the pores and travel more slowly. As a 

result, proteins are separated based on molecular size without affecting their biological 

activity. This technique not only improves enzyme purity but also provides valuable 

information about molecular weight. 

 Once purified, the enzyme is characterized by determining its molecular weight, 

optimum temperature, optimum pH, thermal stability, and substrate specificity. These 

properties help researchers evaluate the suitability of enzymes for agricultural, industrial, and 

biotechnological applications. 

Estimation of Enzymes  
After purification, enzyme activity and concentration are determined using various analytical 

techniques. Enzyme estimation provides information about catalytic efficiency, purity, and 

functional stability, making it an essential step in biochemical research and industrial quality 

control. 

 Among the available methods, the spectrophotometric assay is the most commonly 

employed because it is rapid, reliable, and economical. The method measures changes in 

absorbance that occur when an enzyme converts its substrate into a product. The increase or 

decrease in absorbance at a specific wavelength is directly proportional to enzyme activity, 

allowing quantitative estimation. 

 Another widely used method is the chromogenic assay, where enzyme activity is 

measured through the formation of a coloured product following substrate conversion. The 

intensity of the colour produced is proportional to enzyme activity and can be accurately 

quantified using a spectrophotometer. This technique is extensively employed for rapid 

enzyme screening and routine laboratory analysis. 

 Advanced analytical techniques further improve enzyme identification and 

characterization. SDS-PAGE separates proteins according to their molecular weight, while 

zymography enables direct visualization of enzyme activity after electrophoretic separation 

by incorporating specific substrates into the gel. Active enzymes digest the substrate and 

produce clear bands against a stained background, allowing simultaneous separation and 

activity detection. Western blotting uses highly specific antibodies to confirm the identity of 

purified enzymes after electrophoresis, whereas liquid chromatography–mass spectrometry 

(LC-MS/MS) provides precise identification and quantification of enzymes by combining 

chromatographic separation with mass analysis. These modern techniques offer high 

sensitivity and accuracy and are increasingly used in enzyme research, proteomics, and 

industrial biotechnology.  

Conclusion 
The purification and estimation of enzymes are fundamental procedures in biotechnology, 

microbiology, and agricultural sciences. Careful purification through precipitation, dialysis, 

and chromatographic techniques ensures the isolation of biologically active enzymes with 

high purity, while estimation methods evaluate their concentration, catalytic activity, and 

functional characteristics. Advances in analytical technologies have greatly improved the 

accuracy and efficiency of enzyme analysis, enabling their wider application in agriculture, 

food processing, medicine, environmental management, and industrial biotechnology. As 

demand for eco-friendly bioproducts continues to grow, purified enzymes will remain 

valuable tools for sustainable development and innovative biological research. 


