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ABSTRACT

 

The synthesis of many chemicals needs high temperature and pressure. Many chemicals like ethanol, 

amino acids, citric acids, nitrates, nitrites, fine chemicals, essential compounds can be synthesized by 

biological pathways. Enzyme catalyzed reactions provide huge boost to the efforts concentrated on 

cost effective and environment friendly technology. Immobilization of enzyme has advantages such as 

high thermal and operational stability, improved pH stability. Various investigators have carried out 

investigations to study effect of immobilization on enzyme activities. The current review summarizes 

research and studies on enzyme immobilization. 
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INTRODUCTION 

The synthesis of various compounds 

from raw materials needs proper selection of 

process and process conditions. The 

chemical reaction in many cases needs high 

temperature and pressure. Also lower 

selectivity and yield are cause of concern in 

some cases. Also dealing with side products 

also becomes nasty problem in some cases. 

It is always desired to carry out a reaction at 

moderate temperature, low pressure, high 

yield and selectivity, high conversion. The 

activation energy for a reaction can be 

reduced and the reaction can be made to 

happen at lower temperature by using 

catalysis. The enzymes are catalysts used in 

biochemical reactions. The enzyme 

catalyzed reactions are specific in nature 

and yield highly specific reactions. The 

enzymes are labeled by putting „ase‟ with 

the reaction. Like amylase (amyl „ase‟), 

phosphatase etc. The production of various 

chemicals and compounds by enzyme 

catalyzed reaction provides alternative route 

to some reactions. 
[1-5]

 Many compounds 

such as ethanol, starch, amino acids, citric 

acid and many other pharmaceutical and 

fine chemicals, intermediates are 

synthesized by using enzyme catalyzed 

reactions. 
[6-10]

 The stability of these 

enzymes at various temperatures, pH and 

thermal conditions is many times cause of 

concern. The immobilization of enzymes 

solves this problem almost completely. 

Various physical and chemical methods can 

be used for immobilization. Various 

investigators have carried out research on 

effect of immobilization on enzyme activity. 

The current review summarizes research 

and studies on enzyme immobilization. 

 

RESEARCH AND STUDIES ON  

ENZYME IMMOBILIZATION 

Tavano et.al carried out studies on 

the immobilization of sweet potato amylase. 
[11]

 They established a simplified procedure 

for the preparation of immobilized beta-

amylase. They used non-purified extract 

from fresh sweet potato tubers. They 

observed that immobilization decreased 

enzyme activity to around 15%. According 

them, beta-amylase from sweet potato is a 
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promising element for study. The advantage 

being its readily available and cheap source, 

its stability and immobilization possibility. 

Also they reiterated that it produced very 

stable derivatives, with both improved 

temperature and pH stability by 

immobilization. 

Singh et.al carried out studies on 

activity and stability of immobilized alpha-

amylase. 
[12]

 They used alpha-amylase 

produced by Bacillus acidocaldarius for 

their studies. They discussed different 

immobilization methods such as 

entrapment, physical adsorption, covalent 

and ionic bonding. They used different 

carriers for immobilization. According to 

these studies, thermal and pH stabilities of 

immobilized enzymes were higher 

compared to free enzyme. They also 

observed that immobilized amylase on glass 

beads (covalent binding) and cation 

exchange resin (ionic binding) had the 

highest immobilization yield. It was found 

that immobilized enzyme on glass beads had 

half life period of 83 minutes while half life 

period of immobilized enzyme on cation 

exchange resin was 61 minutes. The 

enzymes could be used 7-8 times with 

substantial retention of activity. 

Cigil et.al used modified polyimide 

material for immobilization of alpha 

amylase. 
[13]

 They used pyromellitic 

dianhydride (PMDA) and 4, 4‟-oxydianline 

(4, 4‟-ODA) in the solution of N, N 

dimethylformamide (DMF) for covalent 

immobilization on modified polyamide. 

They found that immobilized enzyme 

exhibited better stability then free enzymes. 

They also observed that the immobilization 

shifts the optimum pH by 2.5 towards acidic 

region. Singh used different matrices for 

immobilization of alpha amylase. 
[14]

 In her 

investigation she used 7 different carriers 

namely agar-agarose, wood fiber, wood 

chips, gelatin, wood powder, calcium 

alginate and butanol sodium alginate. She 

used immobilization techniques such as 

simple adsorption, adsorption followed by 

cross-linking, combined adsorption and gel 

entrapment. Also she studied factors such as 

the enzyme activity, stability at various 

temperature and pH, immobilization 

efficiency and treatment of carriers. She 

observed that sodium alginate method of 

immobilization yielded best results followed 

by Agar-agarose. The optimum pH shifted 

to lower values for immobilized enzymes 

than free one. For immobilized enzymes 

optimum reaction temperature shifted to 

higher values by 15-20 
o
C. 

Sharmin et.al carried out 

immobilization on glass surface. 
[15]

 They 

used immobilized enzymes in development 

of biosensors. They immobilized alkaline 

phosphatase by covalent technique. 

According to these studies best conditions 

for enzyme activity were a 10% 

concentration of coupling reagent, pH 9.0 

and 2 gram of silica. They observed that the 

covalently bonded enzymes can be reused 4 

times without loss in activity after wash. 

Romo-Sanchez et.al investigated 

immobilization of commercial cellulase and 

xylanase. 
[16]

 According to them, it is 

desired to have enzyme which is highly 

stable and economically viable in terms of 

reusability. They used chemical methods 

such as adsorption, reticulation, and 

crosslinking-adsorption for immobilization. 

In their research, the reusability of enzymes 

was the most striking finding, according to 

them. They observed that immobilized 

cellulase using glutaraldehyde exhibited 

64% activity retention after 19 cycles. 

Zhang et.al immobilized lipase using 

alginate hydrogel beads. 
[17]

 They carried 

out enzymatic evaluation in hydrolysis of p-

nitrophenol butyrate. They studied and 

discussed enzyme behavior with respect to 

temperature, pH, embedding and lyophilized 

time. They observed that activity of the 

enzyme-alginate composite was maintained 

without marked deactivation up to 6 

repeated cycles.  

In their review, Abdelmajeed et.al 

discussed immobilization technology for 

enhancing bio-products industry. 
[18]

 

According to this review, immobilized 

enzymes have found their place in the sub-

disciplines such as biomedicine, 
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pharmacology, cosmetology, food and 

agricultural sciences. In medical field 

immobilized enzymes find application in 

drug delivery systems, diagnosis and 

treatment of diseases, as well as in sensors 

for the management of weight and diabetes. 

For production of organic and inorganic 

compounds immobilization can be 

employed. Also textile and food industry 

can utilize immobilized enzyme technology 

for better production. Dey et.al carried out 

an investigation on immobilization of a-

amylase. 
[19]

 They produced the enzyme by 

using bacillus circulans GRS 313. They 

immobilized enzyme by entrapment on 

calcium alginate beads. They observed that 

the enzyme activity was affected by bead 

size. The optimum size was 2 mm. They 

observed that, even after seventh use, the 

immobilized enzyme showed 85 percent of 

its initial activity. 

Nawani et.al studied the effect of 

process parameters on immobilization of 

enzyme. 
[20]

 They carried out studies on 

immobilization and stability of a lipase from 

thermophilic bacillus sp. In their research 

they observed that enzyme showed 

enhancement in activity in presence of 

benzene or hexane (30% v/v each). They 

used different solid supports for 

immobilization. They found that the 

immobilized/cross linked enzyme was more 

thermostable. Alftren and Hobley, in their 

investigation used magnetic particles as 

support for immobilization. 
[21]

 They carried 

out studies on laboratory and pilot scale 

with cellulases for hydrolysis of 

lignocelluloses. They found that highest 

immobilized enzyme activities were 

obtained using magnetic particles activated 

with cyanuric chloride. The method 

employed by them enabled simultaneous 

immobilization and purification. Papain 

Immobilization was studied by Ding et.al 
[22]

 They carried out immobilization on 

macroporous polymers carrier. Hydrazine 

hydrate was used for aminating 

macroporous polymer carrier. 

Glutaraldehyde cross-linking or diazo-

coupling was used for immobilization of 

papain. They observed that activity recovery 

of immobilized papain can reach 60.1%. 

They found that immobilization brought 

about remarkable stability, better reusability 

and environmental adaptability than free 

papain. 

Zucca and Sanjust investigated 

inorganic materials as support for 

immobilization. 
[23]

 They chose the 

materials which meet the criteria like 

complete insolubility in water, reasonable 

mechanical strength and chemical 

resistance. They found that materials like 

silica, silicates, borosilicates and 

aluminosilicates, alumina, titania, and other 

oxides were suitable for the purpose. 

According to them, operators should 

carefully evaluate every feature of both 

supports and functionalization/ activation 

methods.  

Viet et.al carried out studies on 

immobilization of cellulase enzyme in 

calcium alginate gel. 
[24]

 They used 

entrapment method for immobilization. 

Maximum efficiency of immobilization for 

3 mm bead diameter and 30 minutes time 

was 83.645%. The optimum pH for both 

free and immobilized enzyme was 4.5. 

These studies indicated that immobilized 

enzyme can stand higher acidity and 

temperature than free enzyme. Also they 

observed that even after 5 recycles, 69.2 

percent activity was exhibited by enzyme. 

 

CONCLUSION 

Many compounds such as ethanol, 

starch, amino acids, citric acid and many 

other pharmaceutical and fine chemicals and 

intermediates are synthesized by using 

enzyme catalyzed reactions. The stability of 

these enzymes at various temperatures, pH 

and thermal conditions is many times cause 

of concern. The immobilization of enzymes 

solves this problem almost completely. 

Various physical and chemical 

methods can be used for immobilization. In 

most of the cases immobilization decreases 

optimum pH for reactions by 2-3 pH units. 

Also it was observed in many investigations 

that even after 5-8 times reuse; enzymes 
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exhibit high (68-85 percent) activity. It can 

be concluded that immobilization bring 

about remarkable stability, better reusability 

and environmental adaptability than free 

enzyme. 
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