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10.1 INTRODUCTION 

Why should we isolate enzymes? The learner out of his/her curiosity might ask 

this question. The answer is enzymes work in a complex system of cell, 

tissues and organs. If we want a full and better understanding of enzyme, we 

need to isolate and purify them. Enzyme purification is a method of separating 

and isolating enzymes from other components of the cell to get enzymes in 

pure form with maximum possible yield. Several purification methods have 

been developed over the years taking into consideration the physico chemical 

properties of the enzyme of interest. 

This unit deals with different enzyme sources and the strategies to select a 

particular source so as to obtain maximum yield of the required enzyme with 

the highest catalytic activity and purity. The principles and techniques involved 
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in isolation and purification of enzyme have been discussed in the unit. 

Enzyme purification is a multi step process. The choice of a particular method 

of purification is generally based on enzyme properties, production scale and 

timeline. There are several methods of enzyme purification such as ion 

exchange chromatography, centrifugation, affinity chromatography, 

electrophoresis etc. The key to success for enzyme purification process is the 

selection of the most appropriate treatment stage.  

ExpectedExpectedExpectedExpected    LearningLearningLearningLearning    OutcomesOutcomesOutcomesOutcomes        

After studying this unit, you should be able to:  

� describe the objectives and strategies of enzyme purification; 

� explain different sources of enzyme; 

�  discuss the physical and chemical disruptive methods of enzyme 

isolation; 

� determine separation methods of enzyme isolation; and 

� illustrate several steps of enzyme purification. 

10.2 OBJECTIVE AND STARTEGY OF 
PURIFICATION  

The aim and objectives of enzyme purification is: 

a) isolation of enzyme with maximum possible yield, 

b) isolation of enzyme with maximum catalytic activity, 

c) enzyme should have maximum possible purity. 

The catalytic activity of enzyme is determined by suitable assay procedure. 

The purity of enzyme is determined by specific enzyme activity under a given 

set of conditions. 

The strategy for enzyme isolation and purification is also very important (Fig. 

10.1) as it is often a complex process and a number of methods are employed 

in sequence to attain sufficiently high purity levels. The general procedure of 

enzyme isolation and purification involves: 

1) source of enzymes 

2) enzyme solubilization methods and physical and chemical separation 

methods 

3) purification methods 
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Fig. 10.1: Steps in the process of enzyme purification. 

10.3 SOURCES OF ENZYMES  

A number of factors influence the choice of starting material (raw material) in 

enzyme purification. These are: 

• abundance of enzyme 

• availability 

• comparative studies 

• subcellular location 

10.3.1   Source and Abundance of Enzymes 

The source as well as physical and chemical conditions of an enzyme 

significantly impacts its efficiency, purification process, stability, and cost. 

Historically, plant and animal materials were considered the best sources of 

enzymes due to their ease of extraction and cost-effectiveness. With animals, 

the principal species chosen are rat (for liver studies) rabbit (for muscle 

studies) and meat animals. Studies on human are limited due to limited 

availability of materials other than blood and placenta. There are several other 
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limitations such as animal sources which are expensive and limited, while 

plant sources are influenced by weather and international politics. The change 

in quality during different seasons in plants can be overcome by growing them 

in special growth chambers. Plants cells are highly compartmented and bulk of 

volume in vacuoler space is filled with acidic solutions and proteases. These 

limitations along with advancements in fermentation technology, led to a rise 

in the popularity of microbially produced proteins. Generally high cost is 

associated with animal and plant-derived enzymes while microbial-derived 

enzymes are economical. 

The first and foremost choice for enzyme isolation involves choice of tissue for 

purification. Firstly the tissue from which enzyme is to be isolated should be 

determined then the species from whose tissue will be taken should be 

chosen based on its ease of raising and growing. The classical method of 

enzyme purification involves selecting a source with abundant enzymes, for 

example mammary gland is an excellent source of enzymes such as acetyl 

CoA carboxylase for fatty acid biosynthesis, kidney is a good source for 

hydrolytic enzymes like alkaline phosphatase for phosphate esters hydrolysis 

at alkaline pH. 

Prokaryotes are far better choice than eukaryotes for their offer as enzyme 

source because of their rapid growth and simple nutritional requirements. For 

eukaryotic proteins, lower eukaryotes such as yeasts are considered to be 

better as they show high growth rates on simple media. Prokaryotes and lower 

eukaryotes are better understood also at the genetic level. Therefore 

microorganisms and yeast are rapidly employed for enzyme production in 

fermenters. The media components, primarily waste materials and by-

products from food and agriculture, provide carbohydrates, minerals, nitrogen 

and vitamins provides the requisite nutritional requirements for their growth 

and development. The quality and composition of these materials vary, 

affecting enzyme productivity. The chosen media is cost-effective and typically 

buffered at a pH for maximum stability. 

Nowadays, researchers are also using recombinant DNA technology to 

increase enzyme production using microorganisms. This technique is used to 

create strains that produce excessive amounts of an enzyme. Successful 

expression occurs when the host organism is similar to or closely related to 

the gene being expressed. Gene over-expression is typically done by 

incorporating the gene in a plasmid under a strong promoter. However, 

bacteria are not ideal for expressing eukaryotic proteins due to their lack of 

post-translational machinery. Instead, lower eukaryotes like yeast are used 

due to their growth rates and genetic understanding. However, yeast strains 

like Kluyveromyces lactose and methylotroph Pichia pastoris are increasingly 

being used. Baculovirus-driven expression in insect cells is also a preferred 

system for some applications, as it employs many of the protein modification, 

processing and transport systems of higher eukaryotic cells. 

10.3.2   Availability 

High abundance of an enzyme does not always ensure easy availability. 

Several reasons can be attributed such aseconomic or geographical factors. 
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For instance, bioluminescent species are often found in exotic locations, and 

human or calf tissue is not widely available. This necessitates a compromise 

between abundance and availability, necessitating the development of suitable 

expression systems. 

10.3.3   Comparative Studies 

Researchers can study enzyme evolution by comparing a specific enzyme 

across different species or tissues. This can be beneficial in understanding the 

role of enzymes in different tissues, such as the properties of different 

isoenzymes of LDH in the heart and muscle. 

10.3.4   Subcellular Location 

Enzymes may be present in different fractions of cell or it may be localized to 

a particular cell fraction. Enzyme such as succinate dehydrogenase catalyze 

reactions in a single cell location, like mitochondria, allowing purification to 

homogenize or extract the entire tissue. However, in some cases, sub-cellular 

fractionation may be necessary, typically achieved through centrifugation 

steps, with larger organelles (nuclei and mitochondria) sedimenting first. 

The best strategy except for few exceptions for enzyme separation will be to 

use the raw material as soon as possible because with the passage of time, 

natural degradative processes in dead source will set in. However, there could 

be several inherent limitations in using techniques and tools for enzyme 

separation immediately, in such a scenario; the enzyme extract can be frozen. 

Several commercial freezers are available with temperatures below -25oC and 

-80oC. However, there is possibility that on freezing ice crystals grow and 

could be highly destructive for membrane enzymes, salts can come out of 

solution thereby changing the pH before solidification set in. All these factors 

can harm the process of enzyme isolation and purification. 

SAQSAQSAQSAQ    1111        

Do as Directed: 

a) Which one of the following is not a factor that limits the selection of right 

starting material for enzyme production? 

i)  Source selection 

ii)  Availability of enzyme in the source 

iii)  Isolation procedures 

iv)  Location of enzyme 

b) The most preferred source of enzyme for large scale production are  

i) Plants 

ii) Microorganisms 

iii)  Animals 
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c) Commercial freezers below ………….. are available to store enzyme 

extract. (Fill in the blank) 

d) Nowadays recombinant…………is being used to increase enzyme 

production in microorganisms. (Fill in the blank) 

    

10.4 CELL DISINTEGRATION AND 
EXTRACTION TECHNIQUES  

Enzyme extraction requires cell disruption, so the least disruptive method 

should be used to release most of the enzyme, minimizing extract 

contamination, and simplifying purification. Enzyme extraction involves 

determination of the enzyme's cellular location, identification of intracellular 

enzymes within the cell or extracellular enzymes, which are easier to isolate 

and are found outside the cell. 

• If enzyme is extracellular, no extraction is necessary; for example, the 

pancreas in most mammals’ produces a juice that contains a variety of 

enzymes (proteases, lipases, and esterases) which are synthesized and 

then excreted. Some of the well known examples of extracellular 

enzymes include lysozyme, ribonuclease and chymotrypsin. Many 

microorganisms also produce enzymes, which are excreted into the 

nutrient medium being fed to them. In such cases, isolation is very 

straightforward. One simply collects the fluids involved (an excreted juice 

or a nutrient medium) by filtration or centrifugation. 

• For intracellular enzymes, the isolation and separation procedures are 

not so easy. The source of enzyme production may be an insect, fish, 

mammal, plant, or microorganism.  

The treatment of plant and animal enzymes is similar to extracellular 

enzymes, as they are soft and easily macerated. However, most 

microorganisms are mechanically robust and require more vigorous 

disruption methods to release their soluble intracellular 

enzymes.Depending on the characteristics of cells, the methods used for 

cellular disintegration are broadly divided into two types: 

• physical disruption method, 

• chemical treatment method. 

10.4.1   Physical Disruption Method 

Depending on the physiology of the organism, the energy used for the 

breakage of the cells varies. 

a) Grinding with abrasive material: Small-scale production involves 

grinding with alumina or glass beads, disrupting tough microbial cells like 

glucose dehydrogenase from B subtilis. Large-scale production uses 

appliances like glass or metal heads in grinding mills, which can be 
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mounted in a safety cabinet, allowing use with potentially pathogenic 

organisms. 

b) Liquid shear: Liquid shear is a method used to disrupt bacterial, yeast, 

and fungal cells by passing cells through an orifice at high pressure into 

a chamber at atmospheric pressure. This method generates large 

amounts of heat, requiring efficient cooling. Larger scales have lower 

pressure drops, resulting in less disruption in a single pass. Liquid shear 

is useful for less robust organisms like gram-negative bacteria, but 

continuous recycling is needed for maximal disruption. 

c) Solid shear: This method involves high-pressure extrusion of cell 

material, resulting in ice crystal formation, for small-scale production. It 

requires shear forces in heavy metal ions or air interfaces, and requires 

large energy to gather heat. Enzymes require cooling and may be 

stabilized by substrates, substrate analogues, or pollen. 

d) Ultrasonic cell disruption: Ultrasonication, a method used in the 

chemical industry, involves the rapid sinusoidal movement of a probe 

within a liquid, causing microbial cell inactivation and disruption. 

e) Use of bead mills: Cell suspensions agitated with small beads can be 

broken by high liquid shear gradients, affecting enzyme release rate and 

effectiveness. Adjustments in agitation rates, bead size, and equipment 

dimensions can modify this process. 

f) Use of freeze- presses: The Hughes and 'X' presses force frozen cell 

pastes under high pressure, causing disruption due to phase and 

volume changes and solid shear from ice crystals, with factors 

controlling cell breakage. 

g)  Freeze- thaw: The technique is useful with certain susceptible microbes 

and eukaryotic cells where repeated freezing and thawing results in 

extensive membrane lesions with release of periplasmic and intracellular 

proteins. 

10.4.2    Chemical Treatment Method 

These include lytic methods, where cell breakage is done by using non-

mechanical methods to get the enzymes released under gentle conditions. 

The available methods include: 

a) Treatment  with alkali: The enzyme L-asparaginase from Ervinia can 

be extracted at a pH range of 10.5-12.5 using NaOH, a simple and 

inexpensive method that remains stable for 20-30 minutes during 

treatment. This method has been applied to the isolation of one enzyme 

on a large scale. 

b) Detergents: Detergents, such as chelates, sodium dodecyl sulphate, 

CTAB, tween, and triton, are used to extract membrane-bound enzymes 

like cholesterol oxidase from Nocardia sp. However, these detergents 

can denature most enzymes, making them less preferable than non-
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ionic detergents. Additionally, gas-liquid phase interfaces in foams can 

disrupt enzyme conformation. 

c) Osmotic shock: This method is suitable for gram-negative organisms 

due to osmotic shock, which releases hydrolytic enzymes in periplasmic 

spaces, but many organisms are resistant to this shock. 

d) Organic solvents: Organic solvents like isopropyl alcohol, ethanol, and 

ethyl acetate are used for extracting enzymes from yeast cells, but are 

toxic, costly, and can cause protein denaturation and flammability. 

e) Lysozyme and EDTA: Lysozyme is a specific method for breaking 

down gram-positive bacteria's cell walls, but its high cost makes it 

unsuitable for large-scale production. In plant tissue culture, lytic 

enzymes are used to prepare protoplast. 

f) Acetone powder: Acetone drying is an effective method for breaking 

cell membranes and preparing tissue powder for long-term storage in a 

deep freezer, but requires low temperature precautions to avoid enzyme 

denaturation. 

All of these procedures resulted in the cell membrane being ruptured and the 

intracellular components being released into the surrounding medium.   

Optimization and Clarification of extract 

Since the properties of proteins depends not only in their own particular 

characteristics but also on the composition of solution. Large-scale enzyme 

extraction face unique challenges compared to laboratory methods, 

necessitating a comprehensive understanding of the entire process before 

optimising any individual step. Several things can go wrong while using 

different extraction methods from bead mill to waring blender, the extract will 

become more dilute and with a different composition, several components 

may get disrupted. It is often very necessary to cool the system during 

disruption; ice cold buffers and short duration of treatments followed by a 

cooling span to prevent the protein from getting denatured or lost during the 

process. It is always desired to measure the enzyme specific activity at each 

step of procedure. 

It is preferable to add β-mercaptoethanol in the extractant buffer. Cells contain 

many salts and charged insoluble material such as proteins, phospholipids 

and nucleic acids. To ensure that all soluble cell constituents are extracted, it 

is always preferable to use a buffer of ionic strength similar to physiological 

one with appropriate pH. Typical buffers would be 20-50 mM phosphate, pH 

7.0-7.5; 0.1 M Tris-HCI, pH 7.5 with inclusions of EDTA (1-5 mM), cysteine 95-

20mM) with specific stabilizing agents or cofactors. Several times, the extract 

becomes turbid due to fat particles floating on the surface. These particles can 

be removed by filtration through a plug of glass wool or a fine mesh cloth. 

Clarification of the extract can be carried out by membrane ultrafiltration. 

Ribsosomal and other nucleoproteins can be removed by acidification through 

isoelectric precipitation. While working with microorganisms; large amount of 

nucleic acid material from cells can cause considerable problems. So a variety 

of substances can be used such as streptomycin, protamine and 
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polyethyleneimine to cause precipitation of nucleic acids and associated 

compounds but their high cost discourages their use. Enzymic digestion with 

nucleases is easy and cheap, but does not remove nucleic acids however 

shortens them thereby reducing solution viscosity. For the extraction of 

membrane proteins, a combination of following factors will be helpful to isolate 

the desired protein/enzyme. These factors are: 

a) Metal chelators EDTA or EGTA 1-10mM 

b) Mild alkaline conditions (pH 8-9) at low ionic strength 

c) Dilute non-ionic detergent (Tween, Triton X-100, Digitonin etc) 

d) Low concentrations of organic solvents such as n-butanol 

e) High ionic strength e.g 1 M NaCI 

f) Phospholipase treatment 

After using any of the above mentioned physical or chemical methods, the 

next process involves centrifugation or filtration to separate cell debris, 

yielding a clear extract with potential nucleic acids, salts, nutrients, and 

carbohydrates. Preliminary purification and concentration steps are followed, 

resulting in a concentrated enzyme. 

SAQSAQSAQSAQ    2222        

Do as Directed: 

a) Enzymes which are secreted outside the body cells are referred to as 

…………………… enzymes (Fill in the blank with correct option). 

i)  extracellular 

ii)  intracellular 

iii)  cytoplasmic 

iv)  mitochondrial 

b) Which of the following is not a technique for the extraction of enzymes 

by chemical methods? 

i)  Alkali treatment 

ii)  Osmotic shock 

iii)  Detergent treatment 

iv)  Homogenisation 

c) ………………… chemical treatment methods is suitable for gram 

negative organisms to release hydrolytic enzymes. (Fill in the blank) 

d) It is often necessary to ……………. the system to prevent protein 

denaturation. (Fill in the blank) 
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10.5  METHODS FOR ENZYME 
PURIFICATION  

The purification of an enzyme involves removal of other substances, including 

other undesired proteins and non-proteins, present in the preparation. Enzyme 

can be purified several hundredfold but the yield of the enzyme may be very 

poor, frequently below 10% of the activity of the original material. 

10.5.1 Purification Methods 

Enzyme purification is a multi-step process which has to take into account 

about the biophysical and biochemical characteristics of enzyme. The design 

should be reproducible as well as economical. It should focus on high yield 

and recovery of enzyme making economical use of reagents and chemicals, 

and shorter purification time.  Enzymes have unique physico-chemical 

characteristics; the chosen purification technique should be moderate and 

tend to maintain the enzyme's native conformation without any changes.  

Enzymes are more stable in dilute solutions, so purification procedures initially 

concentrate the enzyme protein rather than focus on purification to minimize 

loss of the enzyme activity. 

You have already read about most of the techniques listed below in your 

MBC-003 course on Bionanalytical Tools and Techniques. In this unit we will 

discuss their employability with reference to enzyme isolation and purification. 

The main properties of enzymes that can be exploited in separation methods 

are listed in Table 10.1: 

Table 10.1: Separation methods used in the purification of enzymes 

Property Method Scale 

Size or mass Centrifugation 

Gel filtration 

Dialysis, Ultrafiltration 

Large or small 

Generally small 

Generally small 

Polarity 

A) Charge 

 

 

B) Hydrophobic 

character 

Ion exchange chromatography 

Chromatofocussing 

Electrophoresis 

Isoelectric focussing 

Hydrophobic chromatography 

Large or small 

Generally small 

Generally small 

Generally small 

Generally small 

Solubility Change in pH 

Change in ionic strength 

Decrease in dielectric constant 

Generally large 

Large or small 

Generally large 
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Specific binding 

sites or structural 

features 

Affinity chromatography 

Immobilised metal ion 

chromatography 

Affinity elution 

Dye-ligand chromatography 

Immuno adsorption 

Covalent chromatography 

Generally small 

Generally small 

 

Large or small 

Large or small 

Generally small 

Generally small 

 

Methods based on size or mass 

a) Centrifugation: Centrifugation is the preferred method for collecting 

enzyme-containing solids due to its safety and minimal foam production. 

It separates material based on particle size and density, and large 

molecules like enzymes can be sedimented using high centrifugal fields 

from an ultracentrifuge. Generally centrifugation is extensively used to 

remove the precipitated material in the process of enzyme isolation eg. 

removal of cell debris after homogenization or to collect the precipitated 

enzyme by addition of ammonium sulfate.  

 However, in order to obtain pure preparations, the sedimented fractions 

are usually resuspended in buffer and then re-sedimented once or twice 

more. 

b) Flocculation: High-molecular-weight charged materials create a loose 

aggregate that can be removed through centrifugation or filtration. 

Flocculation and coagulation are cost-effective aids for precipitating 

cells, debris, or proteins, but must not inhibit target enzymes.  

c) Gel filtration:  Gel filtration is a column chromatographic procedure 

used for fractionating high-molecular-weight materials based on their 

molecular size. It separates molecules based on their ability to enter the 

pores within the gel beads. Small molecules are retarded as they pass 

down the column, while large molecules are eluted first. The most widely 

used gels are Sephadex, Bio-Gel P, Sephacryl, and Sepharose. The 

degree of cross-linking controls the size of the pores, allowing for a 

variation in the range of Mr values that can undergo fractionation. Gel 

filtration can be performed on a large scale, but is more suitable for 

small-scale enzyme purification stages due to time and cost. 

d) Filtration: Large-scale filtration uses filter cloths and aids in rotary 

vacuum or centrifugal filters, but efficiency is limited by particle shape 

and compressibility. 

d) Dialysis and Ultrafiltration:Dialysis is a process to remove low 

molecular weight contaminants and salts. The dialysis membrane's 

ability to allow free flow of components, its relative surface area to the 

solution volume, and the concentration of diffusable substances outside 

the membrane are key factors. Common dialysis membranes include 

animal membranes, collodion, colloids deposited in porous pots, and 

cellophane tubing. These membranes create a molecular sieve, allowing 
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low molecular weight substances to pass while retarding high molecular 

weight proteins.  

 A dialysis membrane, like cellophane, acts as a sieve for globular 

proteins with Mr values up to 20,000, but not for large molecules. It's not 

ideal for enzyme separation but is used in purification to remove salt, 

organic solvents, or low Mr inhibitors from enzyme solutions. An 

alternative method is centrifuge tubes, which have two compartments 

separated by a membrane, allowing small molecules to pass through. 

Semipermeable membranes are primarily used for large-scale enzyme 

purification in the latter stages, primarily for concentration and salt 

removal, making dialysis impractical due to the requirement of large 

volumes of buffer/distilled water. 

Ultrafiltration is a preferred method for purifying samples, as it removes water 

and low-molecular-weight materials through a membrane under pressure, 

while retaining enzymes. It involves feeding a protein sample into a cell with a 

membrane, which retains high molecular weight proteins while filtering solvent 

and low molecular weight molecules. Nitrogen gas is used to maintain flow 

across the membrane. Smaller pore size membranes are available for 

retaining and concentrating low molecular weight proteins and for enzyme 

purification. This process reduces sample volume and is different from 

conventional filtration and microfiltration in retaining particles smaller than 

50nm in diameter. 

Methods based on polarity 

a)  Ion exchange chromatography: Ion exchange chromatography is a 

method used for purifying enzymes by applying them to an ion 

exchanger in a low-ionic-strength solution with opposite charges. 

Desorption of bound species can be achieved by changing the pH or 

increasing the ionic strength of the solution. This gradient allows for 

protein separation based on their ability to bind to the ion exchanger. 

However, pH changes have not been effective in enzyme purification 

due to the buffering properties of bound enzymes. Chromatofocussing, a 

technique that uses high-buffering ampholytes, overcomes these issues 

by creating a pH gradient on the column. The protein mixture adsorbed 

on the ion exchanger at the upper end of the pH range, and the pH 

gradient generated by the addition of the acid form of the ampholyte 

buffer generates the gradient. This technique has high resolving power 

but is expensive for large-scale purification procedures due to the high 

cost of materials involved. 

 Ion exchange chromatography can be performed on large or small 

scales. Large scales often work batch-wise, absorbing enzymes and 

pouring them into a column for controlled desorption. Small scales 

involve both adsorption and desorption in a column. 

 Ion exchange chromatography can achieves up to 10-fold purification, 

with high-performance ion exchangers like monoQ being widely used in 

modern purification procedures, enhancing the efficiency of the process. 
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b) Electrophoresis: Electrophoretic separation involves the movement of 

charged molecules under an electric field in a medium like paper, 

cellulose powder, starch, or polyacrylamide gels. The enzyme's position 

is determined using Coomassie blue or silver stains. This technique can 

be used on a small analytical scale or large preparative scale, and the 

separated enzymes can be eluted. 

 Capillary electrophoresis is used for separating and analysing enzyme 

mixtures in a capillary tube, allowing temperature control. The tube is 

filled with buffer and the sample is introduced by applying an electric 

field. The components of the mixture are detected as they pass through 

a window at the far end. 

c) Isoelectric focussing: Isoelectric focussing is a method used to 

determine the equilibrium position of charged species in a pH gradient. It 

involves applying a potential gradient to a gel containing a mixture of 

ampholytes (polyamino acids with different charge properties). When the 

potential difference is applied, negatively charged molecules migrate 

towards the anode, while a positively charged species move towards the 

anode. This results in a pH gradient, allowing an enzyme to migrate to 

the position where the gel's pH equals its isoelectric point. This method 

is useful in purification procedures and can be scaled up for preparative 

work. 

d) Hydrophobic interaction chromatography: Hydrocarbons and non-

polar molecules associate with each other in equilibrium environments. 

Protein surfaces contain charged and polar amino acid side chains, 

which enable them to bind to non-polar molecules and cause 

aggregation. Hydrophobic interaction chromatography uses these 

interactions to adsorb proteins on matrices like octyl- or phenyl-

sepharose at high ionic strength. Desorption of proteins can be achieved 

by decreasing ionic strength and adding organic solvents or non-ionic 

detergents. 

Methods based on changes in solubility 

Solubility of a compound in a solvent depends on the balance of forces 

between solutes, and solute and solvent. Insoluble compounds are insoluble if 

the former dominates, while soluble compounds are soluble if the latter 

dominates. Enzyme purification process makes use of this fragile balance to 

obtain desired enzyme precipitates or to remove contaminants. 

There are three important ways of changing the stability of enzymes: 

- to change the pH, 

- to change the ionic strength, and 

- to decrease the dielectric constant. 

a) Change in pH: At its  isoelectric point, enzyme is the least soluble, as it 

lacks repulsive electrostatic forces. Adjusting the pH can precipitate an 

enzyme, but it's crucial to ensure enzymes aren't inactivated by these 

changes. 
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b) Change in ionic strength: Large charged molecules are faintly soluble 

in pure water, the addition of ions encourages solubility by disbanding 

the charge carried by large molecule. The process is known as "salting 

in". However, if ionic strength increases beyond a certain limit, the 

charged molecule will precipitate (salting out). It is argued that high 

concentrations of salt decrease water concentration, leading to 

decreased solute-solvent interactions and hence solubility. This process 

removes non-protein impurities in enzyme homogenate. Solid salt 

concentrations range from 0 to 90%, with gentle stirring. The suspension 

is stored in cold conditions for precipitation, then collected generally after 

centrifugation andfurther dissoluted in a suitable medium. The protein 

solution is desalted using dialysis or Sephadex G-25 gel filtration 

chromatography. Ammonium sulphate is the preferred salt due to its low 

cost, high solubility, and lack of harmful effects on most enzymes. 

However, precipitation due to its usage poses handling and disposal 

issues due to its high concentration, which can corrode concrete and 

stainless steel. Other salts like sodium sulphate can also be used but 

requires temperatures above 35ºC for fractional precipitation. Enzymes 

typically precipitate at a certain concentration, forming the basis of initial 

fractionation procedures. Nonionic polymers like polyethylene glycol 

(PEG) are non-toxic and non-flammable but restricted due to their high 

viscosity. Precipitation can be negative or positive, with the latter being 

preferred as it can be redissolved in minimal volume. In some cases, 

pure enzyme can be obtained through ammonium sulphate fractionation 

of crude extracts, like fructose-bisphostphate aldolase from rabbit 

muscle. 

c) Decrease in dielectric constant: The addition of a water-miscible 

organic solvent, like ethanol or acetone, decreases a solution's dielectric 

constant, increasing electrostatic forces and precipitating large, charged 

molecules like enzymes. This method is suitable for large-scale 

fractionation, but can sometimes cause enzyme inactivation, so low 

temperatures are crucial for minimizing the inactivation. 

 Protein precipitation can be achieved by adding a neutral water-soluble 

polymer, polyethylene glycol, which removes water from protein 

hydration spheres, resulting in successful purifications. However, 

removing residual polyethylene glycol can be challenging. 

 All these methods discussed above can be applied on a large scale and 

are often used in the initial stages of purification. 

Methods based on the possession of specific binding sites 

Enzymes exhibit highly specific interactions with substrates and ligands, which 

can be advantageous in affinity separation methods during enzyme 

purification. 

a) Affinity chromatography: Affinity chromatography is a method where 

an enzyme is linked to an inert matrix, like agarose, and only retained 

when passed down a column. This method can be desorbed by 



 
 

Unit 10                         Extraction and Isolation of Enzymes 

 

187 

substrate pulses or changes in solution pH or ionic strength, allowing for 

the purification of an enzyme from crude extract in a single step. 

 There are, however, a number of problems associated with the use of 

affinity chromatography in enzyme purifications : 

 - attaching a suitable substrate analogue or inhibitor to the matrix can be 

a difficult task and reactions involved in coupling are not always 

completely characterized, 

 - linking of the ligand to the matrix may obstruct with the binding to the 

enzyme and lead to a loss of specificity in the interaction, and 

 - special problems are faced by enzymes that catalyze reactions 

involving more than one substrate.  

 Affinity chromatography, despite its high resolution and one or two-step 

purification processes, is not widely used in large-scale operations due 

to its expense, low capacity, and instability. In spite of these problems, 

affinity chromatography has made a significant contribution to the 

purification of enzymes as it is highly useful for low volume, adequate 

purity, and high-priced products. 

b) Affinity elution: Affinity elution is a technique that combines affinity 

chromatography and desorption, with specificity occurring at the 

adsorption stage. It involves adsorption of desired enzymes onto an ion 

exchanger, like DEAE-cellulose, and elution by the appropriate 

substrate. The technique offer better advantage than affinity 

chromatography on the non requirement of employing complex task of 

designing and attaching ligand to matrix. 

c) Dye ligand chromatography: A tandem strategy is employed for 

purification, where a crude extract is passed through a dye column that 

doesn't retain the protein of interest, removing contaminating proteins 

that might interfere with the second step where dye column retain the 

protein of interst.  Cibacron Blue F3G-A dye binds to dehydrogenases 

and kinases, which share a nucleotide-binding domain structure. 

Although the specificity of this interaction is not fully understood, it has 

proven beneficial in purification processes. 

 Procyon Red HE-2B is a dye that binds to NADP+-dependent 

dehydrogenases, preferring gluose-6-phosphate dehydrogenase over 

malate dehydrogenase, making it useful for purifying crude yeast 

extracts, while Cibacron-Blue F3G-A binds NAD+-dependent 

dehydrogenases.Adsorption and elution conditions can vary, with 

immobilised dyes acting as effective cation exchangers under certain 

conditions, requiring ionic strength > 0.1M and pH> 7. 

d) Immunoadsorption chromatography: High specificity in antigen-

antibody interactions can be used for purification procedures. A small 

amount of a pure enzyme from one species can be used to raise 

antibodies in another species, producing a range of antibodies with 

varying affinity for the enzyme. After purification, antibodies can be 
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coupled to a matrix like CNBr-activated sepharose to separate the 

enzyme. Desorption can be achieved through changes in pH, ionic 

strength, or other treatments, which can destroy enzyme activity. 

 Monoclonal antibody techniques have been used to overcome problems 

by selecting antibodies with appropriate affinity for the enzyme antigen. 

Example includes aromatic L-amino acid decarboxylase from the bovine 

brain which can be purified using an immobilized antibody on an 

activated cross-linked agarose matrix. The enzyme can be eluted from 

the immobilized antibody using a solution containing 50 mmoldm-3 

acetic acid and 10% ethylene glycol. 

e) Covalent chromatography: This technique creates a covalent bond 

between the molecules in the mobile phase and the stationary phase 

matrix. Activated thiol-sephahrose 4B is a matrix used for purifying 

cysteine-containing proteins, such as papain, to separate a mixture of 

cysteine-containing proteins. It can be used to immobilize cysteine-

containing proteins for affinity chromatography, such as cytochrome c 

oxidase, and can be used to separate protein-disulphide isomerase from 

glutathione-insulin transhydrogenase. 

SAQSAQSAQSAQ    3333    

Do as directed: 

a) Which of the following is not a step involved in purification?  

i)  Precipitation 

ii)  Dialysis or ultrafiltration 

iii)  Chromatographic techniques 

iv)  Freezing technique 

b) ………………. retains analyte molecules based on the coulombic 

interaction. 

i)  Thin layer chromatography 

ii)  Affinity chromatography 

iii)  Gel filtration chromatography 

iv)  Ion exchange chromatography 

c) When the enzyme solubility is reduced by reducing the water availability, 

the enzyme-enzyme interactions start to take place and they will 

aggregate to form precipitates. This phenomenon is called 

……………………………… . (Fill in the blank) 

d) C1 bacron blue F 3G-A dye binds to ……… and ………... enzymes. (Fill 

in the blanks) 
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Other methods of purification 

For large-scale production of enzymes at low cost, it may be advantageous to 

consider the production and purification of more than one enzyme from one 

process. Enzyme purification is a complex process, and various steps are to 

be conducted in sequence for the purification of enzyme. We have discussed 

several methods in previous sections, Let us discuss some of the other 

methods for enzyme purification. 

 

a) Adsorption: Fractional adsorption is a method used to remove non-

protein contaminants from enzyme preparations. It is useful in the initial 

stages of purification and concentration. Adsorbents like resins, 

substituted dextrans or agarose, and substituted cellulose can be used 

on a small scale, but are costly on a large scale. Materials like celite and 

hydroxyapatite are used due to their low cost and ability to differentially 

elution bound proteins. Adsorption techniques often involve elution, with 

the elution process being more efficient by dividing the effluent into lots. 

This approach is widely accepted in enzyme isolation and purification. 

b)  Aqueous two phase separations: This method is mainly done for the 

removal of polysaccharides and cell debris. This is a relatively recent 

introduction to purification technique. It has two main advantages- 

-easy separation of proteins from bacterial cell walls and semisoluble 

debris, and 

 -its conversion to a continuous process. 

 The technique involves placing different proteins in a solution of two 

immiscible polymers, which separate into distinct phases. This selective 

adsorption of proteins occurs due to the physical nature of the molecules 

involved, as identical or similar molecules tend to aggregate more. For 

example, aqueous two-phase systems can be prepared by mixing 

polyethylene glycol and dextran or polyethylene glycol and specific salts. 

The enzyme is found in the upper polyethylene glycol-rich phase and the 

lower phosphate-rich phase. The separation process is carried out by 

centrifugation. This method is advantageous for large-scale enzyme 

purification. 

c)  Column chromatography: Chromatography is a protein separation 

technique that can be modified by changing packing chemistry and 

elution buffer. Older chromatographic materials are being replaced by 

materials like cross-linked celluloses, agaroses, polyacrylamide/agarose 

copolymers, and composite inorganic/cellulose materials. Commercially 

available fully automatic liquid chromatography equipment offers speed, 

resolution, sensitivity, reproducibility, and recovery. Ion exchange 

chromatography, adsorption chromatography, gel filtration 

chromatography, and affinity chromatography are commonly used 

chromatography techniques for enzyme purification.  
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 The procedure for purifying enzyme samples in chromatography 

involves applying the sample onto a pre-equilibrated column, eluting it 

with buffer, a gradient of solute, or a specific ligand, and collecting the 

effluent as fractions using a fraction collector. These fractions are then 

tested for enzyme activity. 

d)  Chromatofocussing: Chromatofocussing creates a pH gradient on an 

ion exchanger by buffering charged groups. This gradient is formed by 

mixing two buffers of different pHs using a linear gradient maker. This 

process results in band sharpening, sample concentration, and good 

protein resolution. Linear pH gradients are better for protein resolution. 

Commercial amphoteric buffers and poly buffer exchangers are available 

in different pH ranges. 

f)  Continuous electrophoresis: Electrophoretic techniques are no longer 

widely used for enzyme purification today. Continuous electrophoresis is 

a technique that uses an electric potential to apply a current across a 

protein solution, preventing sideways mixing. It involves two electrodes, 

a solid cathode and a rotating anode, which pass solvent between them. 

The outer electrode swirls the solvent around the inner electrode, 

stabilizing the flow. Despite its infancy due to expensive hardware, it is 

currently used for blood protein fractionation. 

g)  Concentration and packaging: Crystallisation is a process used to 

concentrate an enzyme after purification. It involves adding ammonium 

sulphate or salts like sodium sulphate to the concentrated enzyme 

sample, causing slight turbidity. After storage for 24 to 48 hours, crystals 

may appear. Crystallisation is not a proof of purity and may contain other 

proteins. Re-crystallisation increases the specific activity of the crystals. 

 Enzymes are packaged in various forms, such as lyophilised powders or 

suspensions in ammonium sulphate, depending on their purpose. For 

analytical or small-scale investigative work, they are usually packaged 

as a lyophilised powder or a concentrated solution. For bulk 

requirements, dust-free packaging is necessary, and enzymes can be 

combined with salts and waxes to create pellets or concentrated 

solutions. Evaporation can be used for complete drying when freeze 

drying is unpredictable due to enzyme scale or instability, and heat 

denatures proteins only if applied for a long period. 

SAQSAQSAQSAQ    4444    

Do as Directed: 

a) Aqueous two-phase systems can be prepared by mixing 
…………………… and .................... (Fill in the Blanks).  

b) Which technique is currently used for blood protein fractionation? 

c) Name two types of column chromatography. 

d) Crystallisation is a process used to concentrate an enzyme after 
purification (True/False). 
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10.6 CHOICE OF METHODS FOR ENZYME 
PURIFICATION  

There is rarely only one method or combination of methods that can be used 

to purify a given enzyme. The actual sequence of methods employed will 

depend on a variety of sections such as: 

- the scale of preparation and the yield of enzyme required, 

- the time available for the preparation, and 

- the equipment and expertise available in the laboratory. 

Methods based on changes in solubility, such as pH, ionic strength, and 

dielectric constant, are more suitable for large-scale purification stages, while 

column chromatography or electrophoresis are more suitable for smaller 

stages. If proteolysis is a concern, quick purification may be preferred, with 

solubility-based methods being more efficient. Matrices, such as sepharose 

and other beaded hydrophilic matrices, can expedite column chromatography 

under HPLC conditions. However, these matrices are expensive and require 

specialized apparatus, making them generally used in the final stages of 

purification procedures. 

Despite advancements in affinity techniques, many enzymes are still easily 

prepared using traditional methods like precipitation by ethanol or ammonium 

sulphate. Using new procedures like affinity chromatography may not be worth 

it unless there is evidence of heterogeneity or partial inactivation. 

Exercise of protein purification method 

Bromelian, a proteinase, can be extracted from pineapple (Ananas colossus) 

using different techniques including centrifugation, ammonium sulphate 

precipitation, dialysis and ion exchange chromatography. Learners should try 

to understand the each and every detail of the whole process of enzyme 

purification. 

Homogenization: The fruit stem is first washed with 0.1% hydrogen peroxide 

solution, peeled, and cut into small pieces. These cut pieces are 

thenhomogenised in sodium acetate buffer solution and filtered to form the 

"crude extract." 

Centrifugation: The crude extract is further centrifuged in a cooling centrifuge 

maintained at  4ºC at different speeds (i.e., 2000, 4000, and 6000 rpm) 

consecutively for 10 minutes each to collect the supernatant. 

Salting-out: The first step in the purification process involves ammonium 

sulphate precipitation, or “salting-out," during which the salt is added to the 

supernatant pinch by pinch on continuous stirring with a magnetic agitator, 

and incubation is done overnight at 4ºC. The precipitated enzyme isthen 

resuspended in 10mM Tris HCl buffer. 

Dialysis: The solution obtained from the salting-out process is transferred to a 

dialysis container and then agitated in a beaker containing 100mM phosphate 
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buffer-NaCl solution overnight. The whole assembly is kept in a cool 

environment. 

Ion exchange chromatography: The chromatography column is filled with 

DEAE cellulose and then equilibrated with a 0.5M sodium phosphate buffer 

(pH 8.0). Eluting buffer (containing 25mM Tris HCl and 25mM NaCl) should be 

added, and the dialysed bromelian sample will then be introduced carefully on 

the column. The enzyme gets eluted first using the initial eluting buffer, and 

the procedure should be repeated with different buffer solutions containing 

various concentrations of Tris HCl and NaCl. The eluents thus obtained using 

different buffer solutions shall be evaluated for their activity. 

Gel electrophoresis of isolated enzyme: The enzyme can be loaded onto a 

3.5% stacking gel, and electrophoresed onto a 12% separating gel at 200V 

using SDS-PAGE technique. The photograph showing bands of purified 

enzyme can be obtained. 

10.7 SUMMARY  

In this unit, an overview of the wide range of techniques and procedures 

involved in the enzyme purifications has been given. Let us summarize them: 

• The purification procedures that have been used to isolate specific 

enzymes from crude cellular extract contain many unwanted 

components. The extraction procedures involve the use of different 

extraction solvents to disrupt cells or tissues. 

• A number of factors influence the choice of starting material (raw 

material) in enzyme purification such as abundance of enzyme, its 

availability and subcellular location. 

• Enzyme extraction involves determination of the enzyme's cellular 

location, identification of intracellular enzymes within the cell, or 

extracellular enzymes, which are easier to isolate, found outside the cell. 

• The methods used for cellular disintegration for enzyme extraction are 

broadly divided into two types: physical disruption method and chemical 

disruption methods. 

• Differences in charge, solubility and size affect the separating procedure 

to be followed for isolating an enzyme of interest.  

• Centrifugation is the extensive considered method for collecting enzyme-

containing solids due to its safety and minimal foam production. It 

separates material based on particle size and density, and large 

molecules like enzymes can be sedimented using high centrifugal fields. 

• Dialysis and Ultrafiltration are the vital processes to remove low 

molecular weight contaminants and salts. 

• Ion exchange chromatography, Electrophoresis, Isoelectric focusing and 

Hydrophobic interaction chromatography are some of the common 

methods based on polarity that are adopted for protein purification. 
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• The stability of enzyme can be altered by the change the pH or ionic 

strength or the dielectric constant. The changes can be used for the 

separation and purification of enzymes. 

• Affinity chromatography, affinity elution, dye ligand chromatography, 

immunoadsorbtion chromatography and covalent chromatography are 

the different methods based on the possession of specific binding sites 

which can be employed for enzyme purification. 

• Adsorbtion, aqueous two phase separations, column chromatography, 

chromatofocussing and continuous electrophoresis are some of the 

other methods that can be used for enzyme purification. 

• The targeted methods employability depends on the physical and 

chemical properties of the enzyme under investigation and also on the 

source from which the target enzyme is extracted.  

• These procedures of isolation and purification of enzyme helps in 

studying the structure and function of enzyme, which can help in the 

development of new enzymes with improved properties.  

10.8    TERMINAL QUESTIONS 

1. How does the availability of enzymes affect the choice of enzyme 

sources? 

2. Explain various physical disruption method for enzyme isolation. 

3. Write a note on chromatofocussing. 

4. What is meant by salting out phenomenon? 

10.9     ANSWERS 

Self Assessment Questions 

1. a)  (i), b) (ii), c)    -25o C and -80o C, d)   recombinant DNA technology 

2. a)   (i), b) (iv), c)   osmotic shock, d)   cool   

3. a) (iv), b)  (iv), c)    salting out, d)   dehydrogenases, kinases  

4. a)   Polyethylene glycol and dextran, b)  Continuous electrophoresis,         

c) Ion exchange, Gel filteration, d)   True 

Terminal Questions 

1.  Refer to section 10.1.2 

2.  Refer to section 10.3.1 

3.  Refer to section 10.4.1.2 

4.  Salting out is the phenomenon observed when the solubility of a non-

electrolyte compound in water decreases with an increase in the 

concentration of a salt. Salting out results in the lower solubility of high 
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molecular weight compounds in water. Salting-out extraction can also 

improve the recoveries in liquid-liquid extractions and create a phase 

separation between water-miscible organic solvents and water, making it 

advantageous for sample preparation techniques in analytical chemistry. 

Ammonium sulphate, (NH4)2SO4, is often used for salting out because of 

its high solubility, which allows for solutions of very high ionic strength, 

low price, and availability of pure material. 
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