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Abstract: Immobilization technology creates exciting new opportunities for commercial development and

profits in a wide range of industrial sectors including, healthcare and medicine, agriculture and forestry,

fine and bulk chemicals production, food technology, fuel and energy production, pollution control and

resource recovery. Immobilization technology offers a great deal of hope for solving many of the problems

our world faces. This review presents the state of the art of various immobilized biomass applications as

well as enzyme immobilization. This review covers the definition and history of immobilization

technology, moreover fundamentals of immobilization and focuses on the application of both enzyme and

biomass immobilization with special references to those of microbial origin because microbes play

numerous key roles in global change, often as silent partners in human activities such as agriculture,

mining and water treatment and also microbes are responsible for transforming many of the Earth's most

abundant compounds, and thus are central to global changes causing concern. ''For much of its history,

Earth was a planet of microbes. Even today, microbes dominate the living world in terms of biomass and

number''. In the last part of the review, the future developing trend in immobilization technology and the

potential applications in astrobiology were also proposed tentatively.

Key words: Immobilization technology, enzyme and Biomass Production.

INTRODUCTION

Biotechnology which can simply be defined as the

application of living organisms and their components to

industrial products and processes is important

technology that has a large impact on many different

industrial sectors. Biotechnology offers the potential for

new industrial processes that require less energy and

are based on renewable raw materials .[1]

Biotechnology is currently considered as a useful

alternative to conventional process technology in

industrial and analytical fields. Unlike the chemical

catalysts, the biological systems have the advantages of

accomplishing complex chemical conversions under

mild environmental conditions with high specificity and

efficiency. Biological systems help in ingredient

substitution, processing aid substitution, more efficient

processing, less undesirable products, increased plant

capacity, increased products yields, and improved or

un ique  p roduc ts .  The  va rie ty  o f  chem ica l

transformations catalyzed by enzymes has made these

catalysts a prime target of exploitation by the emerging

biotech industries .[2]

Despite these advantages, the use of enzymes in

industrial applications has been limited by several

factors, mainly the high cost of the enzymes, their

instability, and availability in small amounts. Also the

enzymes are soluble in aqueous media and it is

difficult and expensive to recover them from reactor

effluents at the end of the catalytic process. This

restricts the use of soluble enzymes to batch operations,

followed by disposable of the spent enzyme-containing

solvent. Over the last few decades, intense research in

the area of enzyme technology has provided many

approaches that facilitate their practical applications.

Among them, the newer technological developments in

the field of immobilized biocatalysts can offer the

possibility of a wider and more economical exploitation

of biocatalysts in industry, waste treatment, medicine,

and in the development of bioprocess monitoring

devices like the biosensor .[2]

Immobilization of biocatalysts helps in their

economic reuse and in the development of continuous

bioprocesses.

Biocatalysts can be immobilized either using the

isolated enzymes or the whole cells or cellular

organelles. Immobilization of whole cells has been

shown to be a better alternative to immobilization of

isolated enzymes . Both techniques either cell or[3]

enzyme immobilization have their fields of application.
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The present review deals with the definition and

history of immobilization technology, moreover

fundamentals of immobilization and focuses on the

application of both enzyme and biomass immobilization

with special references to those of microbial origin

because microbes play numerous key roles in global

change, often as silent partners in human activities such

as agriculture, mining and water treatment and also

microbes are responsible for transforming many of the

Earth s most abundant compounds, and thus are central'

to global changes causing concern. ''For much of its

history, Earth was a planet of microbes. Even today,

microbes dominate the living world in terms of

biomass and number''.

Definition of Immobilization: In general the term

immobilization refers to the act of the limiting

movement or making incapable of movement i.e.,

retard the movement . Immobilization of biocatalysts[4]

helps in their economic reuse and in the development

of continuous bioprocesses. Biocatalysts can be

immobilized either using the isolated enzymes or the

whole cells.

Enzyme Immobilization: The term “immobilized

enzymes” refers to “enzymes physically confined or

localized in a certain defined region of space with

retention of their catalytic activities, and which can be

used repeatedly and continuously. Immobilization

means associating the biocatalysts with an insoluble

matrix, so that it can be retained in proper reactor

geometry for its economic reuse under stabilized

conditions. Immobilization thus allows, by essence, to

decouple the enzyme location from the flow of the

liquid carrying the reagents and products .[5]

Cell Immobilization: The term “immobilized cells”

refers to keeping the cell in one place. Normally, in a

bioreactor, cells are floating around in nutrient liquid.

In an immobilized cell bioreactor, the cells are trapped

- perhaps stuck to a sticky surface - while nutrient

flows over them .[6]

History of Immobilization: Immobilization is a natural

phenomenon exists in the universe. Microorganisms in

nature are irregularly distributed and often exist in

Biofilms. Biofilms are surface-attached microbial

communities consisting of multiple layers of cells

embedded in hydrated matrices . In all known habitats,[7]

bacteria preferentially reproduce on a surface rather

than in suspension in the liquid phase. Biofilms were

first extensively studied during the 1940s but it was

not until the 1970s that it was appreciated that their

formation occurs in almost all natural environments. A

rock immersed in a stream, an implant in the human

body, a tooth, a water pipe or conduit, etc. are all sites

where Biofilms develop . This natural phenomenon[8]

encouraged human to utilize it for his services. Since

that time many studies have been undertaken on

immobilized cells and its industrialization.

In 1916 it was found that an enzyme in water-

insoluble form showed catalytic activity . They[9 ]

reported that invertase extracted from yeast was

adsorbed on charcoal, and the adsorbed enzyme showed

the same activity as native enzyme. In 1948 it was

found that urease from jack bean became water-

insoluble on standing in 30% alcohol and sodium

chloride for 1-2 days at room temperature, and the

water-insoluble urease was active . Thus, it has been[10]

known for a long time that enzymes in water-insoluble

form show the catalytic activity. However the first

attempt to immobilize an enzyme to improve its

properties for a particular application was not made

until 1953, when enzymes such as carboxypeptidase

was immobilized, diastase, and pepsin and rib nuclease

by using diazotized polyaminopolystyrene resin . On[11]

the other hand, prior to this (1949), immobilization of

physiologically active protein was carried out . In[12]

1973 scientists succeeded in the first industrialization

of continuous process for production of L-aspartic acid

using immobilization.

Fundamental of Cell Immobilization:

Cell Immobilization Categories: Commercial and

experimental cell/tissue immobilization systems

normally fall into one of three categories:

1- Cells entrapment in polymer gels or porous

supports.

2-Adhesion on micro carrier surface

3-Capture behind membrane

Sometimes the distinction between these different

categories may not be very clear, depending on the

particular cell immobilization system employed

Requirements of an Ideal Cell culture Support: The

ideal support for immobilized cell culture should fulfill

as many as possible the following requirements:

1-High cell mass-loading capacity

2-Easy access to nutrient media

3-Simple nontoxic immobilization procedure

4-Optimum diffusion distance from flowing media

to center of support

5-Sterilization

6-Mechanical stability

7-Reusable

8-Easy separation of cells and carrier from media

9-Suitable for conventional reactor systems

10-Suitable for suspension as well as anchorage-

dependent cells
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Fundamental of Enzyme Immobilization: Several

methods have been used to immobilize the enzymes

like cross linking, physical adsorption, ionic binding,

metal binding, covalent binding and entrapment

methods like gel entrapment, fiber entrapment, micro

encapsulation for insoluble enzymes while ultra

filtration membranes and hollow fiber devices are used

for soluble enzymes. However every method has its

advantages and drawbacks.

The major components of an immobilized enzyme

are: 

1. The enzyme, 

2. The matrix 

3. Mode of interaction of the enzyme with the

carrier.

A matrix chosen can enhance the operational

stability of the immobilized enzyme system. Although

it is recognized that there is no universal carrier, there

are numbers of characteristics which should be

common to any material consider for immobilization.

Application Areas of Immobilization Technology:

Advances in biotechnology using immobilization

techniques have shown that conditions can be modified

to enhance the activity of specific desirable reactions or

chemical process in extreme environments. This

advantage of immobilization opened the gate for

immobilization technology to be applied in every field

in our life.

M ain Application Areas of Im m obilization

Technology:

1-Bioprocess Technology: Historically, the most

important area of immobilization is namely brewing,

antibiotics, mammalian cell culture, etc; extensive

development in progress with new products envisaged,

namely polysaccharides, medically important drugs,

solvents, protein-enhanced foods. Novel fermenter

designs to optimize productivity.

2-Enzyme Technology: Used for the catalysis of

extremely specific chemical reactions; immobilization

of enzymes; to create specific molecular converters

(bioreactors).Products formed include-amino acids, high

fructose syrup, semi-synthetic penicillin, starch and

cellulose hydrolysis, etc. Enzyme probes for bioassays.

3-Waste Technology: Long historical importance but

more emphasis now being made to couple these

processes with the conservation and recycling of

resources; foods and fertilizers, biological fuels.

4-Environmental Technology: Great scope exists for

the application of immobilization concepts for solving

many environmental problems-pollution control,

removing toxic wastes; recovery of metals form mining

wastes and low-grade ores.

5-Renewable Resources Technology: The use of

renewable energy sources, in particular, lignocelluloses

to generate new sources of chemical raw materials and

energy ethanol, methane and hydrogen. Moreover, total

utilization of plant and animal material.

6-Plant and Animal Agriculture: Immobilization is

used to improve nutrition, disease, keeping quality,

improved yields and stress tolerance will become

increasingly commercially available. Immobilization

also improves productivity, for animal farming and

improved food quality flavor, taste and microbial

safety.

7-Healthcare: Immobilization facilitates the production

of new drugs and better treatment for delivering

medicines to diseased parts. And facilities improvement

of disease diagnosis, understanding of the human

genome.

Biomass Immobilization Technology and its

application: Biomass is a sustainable resource that it

is constantly being formed by the interaction of air,

water, soil and sunlight. Therefore the term biomass is

refers to the biological materials or living materials

which include, human, animals, insects, plants, algae,

microorganisms, and bio-molecules. Biomass also refers

to the organic material on Earth that has stored sunlight

in the form of chemical energy. The present review

deals with immobilization of cells.

C e l l  I m m o b i l iz a t i o n :  C e l l  im m o b i l i z a t i o n

biotechnology is a multidisciplinary area shown to have

an important impact on many scientific sub- disciplines,

including biomedicine, pharmacology, cosmetology,

food and agricultural sciences, beverage production,

industrial waste treatment, analytical applications, and

biologics production.

There are different kinds of cells that can be

immobilized and applied in various areas such as:

1-Animal Cells

2-Insect Cells

3-Plant Cells

4-Algal Cells

5-Microbial Cells

Animal Cell Immobilization: The aim of cell

immobilization or microencapsulation technology is to

treat multiple diseases in the absence of immune-

suppression. For this purpose, animal or human cells

have been immobilized experimentally within carefully

designed capsules that allow the long-term function of
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the graft. Recently, several advances have brought the

whole technology much closer to a realistic proposal

for clinical application .[13]

Application of Animal (Human) Cell Immobilization:

Tissue immobilization: Staining or detection protocols

frequently include numerous steps which can involve

the use of acids, bases, detergents, hydrolytic agents or

combinations of such agents. Heretofore, a significant

percentage of tissue sections or other samples have

been lost from glass slides at some step in the rather

lengthy procedures used in diagnostic/analytical

staining, resulting in frustration and delay. Therefore

the immobilization of tissue sections, cells and tissue

components for histological, immunohistochemical or

other staining or detection systems are required. This

process takes place by preparations of useful adhesive

factors to promote attachment efficiency, rate and/or

strength of adhesion, growth .[14]

Cell Culturing System: The harvest of cells from

tissue for maintenance and propagation in vitro by

tissue culture is a major tool in medical and

biochemical research. Tissue culture is the technique or

process of propagating and/or supporting the

metabolism of tissues or cells derived from organisms

(plant or animal) in a formulated nutritive environment.

Once isolated by gentle tissue dissociation, cells are

incubated in nutritive media capable of supporting life

functions. With few exceptions, cells require attachment

to a substrate in order to perform normal metabolic

functions, grow and divide. In tissue, the substrate

which provides the matrix for cell growth consists of

collagen, laminin, and fibronectin. In vitro, the

substrate is most often plastic, although glass and

microporous cellulosic filters are sometimes used as

substitutes. Examples of cell uses produced via tissue

culture include: (1) the study of the metabolism of the

cell, the metabolism of parasites (i.e., viruses, bacteria,

etc.) within the cell, the interactive metabolism of

different cell types (i.e., epithelial cells, fibroblasts,

immuno-competent cells, thymocytes, platelets, etc.),

the effect of exogenous factors on cellular metabolism,

the genetic composition of cells (in vitro diagnostics);

(2) the production of specific compounds, i.e., genes,

proteins or other cellular components; and (3) the re-

implantation of cells as for skin, corneal grafts, brain,

vascular grafts, and in vitro fertilization .[14]

Insect Cell Immobilization: The development of

immobilized insect cell culture is still in its infant

stage. This is not surprising since it is only recently

that insect cell culture has been recognized as an

important tool in the biotechnology industry. Factors

responsible for the fewer studies on insect cell

immobilization may be related to the type of insect cell

used for large-scale production.

The production of baculoviruses and recombinant

proteins in insect cell culture has been mostly carried

out in culture systems with freely-suspended cells

.Suspended culture systems usually suffer from a

number of disadvantages, such as fluid mechanical cell

damage from agitation and air, low cell and product

concentrations, and low productivity. Another limitation

is that the method is only suitable for the growth of

non anchorage-dependent cell (e.g., Sf-9 cells). These

drawbacks can be eliminated with the exploitation of

cell immobilization techniques .[15]

Application of Insect Cell Immobilization: Treatment

of sludge: The adaptability of earthworm casts

produced from the waste sludge of pulp and paper

plants for a bio-carrier used in the advanced

wastewater treatment indicated that immobilization of

earthworm casts is effective and highly applicable for

such kind of treatment. Removal efficiencies of

nutrients in the activated sludge technology with free

earthworm were compared with immobilized

earthworm. When free earthworm was applied in

sludge technology, removal efficiencies of T- P and T-

N were average values of 31% and 52%, respectively.

On contrary, immobilized earthworm increased the

removal efficiencies of T-P and T-N by 1.3- 1.4 and

1.9-2.0 times respectively .[16]

Plant Cells Immobilization: Plant cells immobilization

were first immobilized by Brodelius .[17]

Application of Plant Cells Immobilization:

Agricultural Application: Long-term tissue cultures

and cell suspensions were derived from watermelon

seedlings  in order to increase the watermelon crop.[18]

Biotransformation Process: It was recognized later

that plant cells could be used for biosynthesis and

biotransformation of various substances of natural and

synthetic origin. Melibiase is involved in the hydrolysis

of raffinose, stachyose, verbascose and ajugose reserve

oligosaccharides. The enzyme is used in sugar beet

industry. The isolation of this enzyme from plant is not

recommended therefore the use of whole plant cells in

form of immobilized cells are used for this purpose .[19 ]

Enzyme Production: Microorganisms are the preferred

sources of enzymes. But some rare enzymes are only

exist in plant sources such those found in medicinal

plants. For effective and large-scale production of such

enzymes, plant cell immobilization techniques are

applied .[20]
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Algal Cells Immobilization: One of the main tasks of

microalgae culture collections is, to provide viable

inocula for research and for commercial purposes. For

example: larvae feeding in hatcheries, synthesis of

active biomolecules. In the former case, microalgae

provide a well balanced mixture of nutrients to higher

organisms in the food web because they contain high,

but variable percentages of the most important

macronutrients . During their storage in culture[21 ,22]

collections, they must be preserved as live feeds with

all their potential key nutrients: proteins, carbohydrates,

lipids and also essential micronutrients and

antioxidants. While the microalgae storage during a

long period can save time and money–microalgae used

for the early stages of growth of mollusk larvae, fish

and crustaceans in the larval stages make up 30% of

the total cost of production – thanks to less frequent

sub-culturing, the potential characteristics of the micro

algal strains must be also preserved. Moreover, the

case of diatoms is particularly tricky with a decrease of

the size of the cells at each mitotic division. The

consequence of the frustules size decrease can be the

induction of distorted cells, as already shown with the

marine diatom Haslea ostrearia and the diatom

Pinnularia brebissonii (which alter their physiological

state. Now technological applications of microalgae

make necessary to have at one’s disposal inocula with

the potential biochemical composition preserved.

Immobilization technology is one of the important tools

for algal preservation.

Microbial Cells Immobilization: Compared with

suspended microorganism technology, immobilized

microorganism technology possesses many advantages,

such as high biomass, high metabolic activity, and

strong resistance to toxic chemicals and so on .[22]

Application of Microbial Cell Immobilization:

Food Industry:

Brewing Industry: Entrapment of microbial cells like

yeast is useful in increment in the yeast concentration

obtained through immobilization techniques that helped

the brewing industry to reduce fermentation process

times and the size of their storage facilities .[23]

Human Nutrition: Nutraceuticals are defined as food

components that have health benefits beyond traditional

nutritional value. Novel biotechnology tools like

immobilization were also applied for the isolation and

incorporation of such food components in ordinary

foods. The synthesis of nutraceuticals was reported to

be successful by employing immobilized lipases, such

as those from Candida antartica and Lactobacillus

ruteri .[24]

Cider Production: Transformation of apple juice into

cider is a complex process requiring activity of yeast

and lactic acid bacteria to accomplish respectively

alcoholic and malolactic fermentations despite the

traditional aspect of cider making industry researches.

Improve the process to control the two fermentations

and the production of flavoring components. During the

two last decades interest was given to the application

of the cell immobilization technology to cider

production .[25]

Dairy Industry: The potential applications of

immobilized cell technology in the dairy industry have

been widely examined. Immobilization modifies the

physiology of cells, and consequences of immobilized

cell technology on lactose as well as citrate

metabolism. Immobilization also affects the sensitivity

of lactic acid bacteria to salt and penicillin.

Immobilized cell technology can be used to produce

starters for the dairy industry include acidification of

raw milk prior to ultra filtration, inhibition of

psychrotrophic bacteria in raw milk, yogurt production,

cheese manufacture, and cream fermentations. Also the

introduction of conjugated linoleic acid in dairy foods

has been made possible through the immobilization of

lipases .[26]

Meat Industry: Cell immobilization could potentially

benefit the meat industry by decreasing starter culture

costs, ensuring uniform distribution of bacteria, and

simplifying recovery and recycling procedures.

Immobilizing cells contributes to meat fermentation.

The meat substrate's solid-semisolid nature restricts cell

mobility. Using immobilized cells in meat starter

cultures might make possible the production of a

continuous cell line, which ensures retention of stable

cell lines; the prevention of unpredictable genetic

alterations associated with restarting culture broths; and

the continuous release of microorganisms to a no

sterile meat product that cannot be pasteurized. One

disadvantage of incorporating immobilized cells into

fermented meats might be a decrease in substrate

availability compared with fluid products. Immobilized

cell technology can improve a starter culture's

ecological competence .[24]

Ethanol Production: The most significant advantage

of immobilized cell systems is the ability to operate

with high productivity at dilution rates exceeding the

maximum specific growth rate of the microbe. Several

theories have been proposed to explain the enhanced

fermentation capacity of microorganisms as a result of

immobilization. A  reduction in  the ethanol

concentration in the immediate microenvironment of the

organism due to the formation of a protective layer or

specific adsorption of ethanol by the support may act
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to minimize end product inhibition. Alternatively,

substrate inhibition may be diminished in the case of

a gel matrix, if the rate of fermentation meets or

exceeds the rate of glucose diffusion to the cell. A

third possibility is that alteration of the cell membrane

during the process of immobilization provides improved

transfer of substrate into and product out of the

microbe. The effect of temperature on the rate of

ethanol production is markedly different for free and

immobilized systems. Thus while a constant increase in

rate is observed with free Saccharomyces cerevisiae as

temperature is increased from 25 to 42°C, a maximum

occurs at 30°C with cell immobilized in sodium

alginate. The lower temperature optimum for

immobilized systems may results from diffusion

limitations of ethanol within the support matrix. At

higher temperature; ethanol production exceeds its rate

of diffusion so that accumulation occurs within the

beads. The achievement of inhibitory levels then cause

the declines observed in the ethanol production rate .[27]

Antibiotic Production: Production of antibiotics is one

of the key areas in the field of applied microbiology.

The conventional method of production is in stirred

tank batch reactors. Since it is a no growth associated

process, it is difficult to produce the antibiotic in

continuous fermentations with free-cells. But it is a

suitable case for cell immobilization, since growth and

metabolic production can be uncoupled without

affecting metabolite yields. Therefore, several attempts

have been made to immobilize various microbial

species on different supports matrices for antibiotic

production. The most widely studied system is the

production of penicillin G using immobilized cells of

Penicillium chrysogenum .[28]

Organic Acid Production: Organic acids are important

microbial products used in a variety of applications

such as food and medicines. Among the various

organic acids, citric acid occupies predominant position

as a commercial biochemical. Aspergillus niger is the

widely used microorganism for the synthesis of citric

acid. The fungal fermentations have serious

disadvantage of rising viscosity during growth, leading

to poor oxygen supply to the cells. Therefore, it

becomes necessary to aerate the cultures with large

volumes of sterile air. In case immobilized cells, since

growth is restricted, it is possible to operate the

fermentor without affecting the viscosity, thereby

facilitating good oxygen transfer rates with minimal

cause. Cell-immobilized fermentations for the

production of other acids such as itaconic acid, malic

acid, propionic acid, gluconic acid, fumaric acid,

gibberelic acid, succinic acid, and butyric acid have

also been reported .[29]

Enzyme Production: Microorganisms are the best
sources for the production of useful enzymes. Cell
immobilization technology is suited to produce
extracellular enzymes. There is growing interest in
applying cell immobilization techniques for the
continuous production of enzymes. Among the
microbial enzymes, starch degrading enzymes a-
amylase and glucoamylase has been studied
extensively . Cyclodextrin glycosyl transferase is a[30]

unique transglycosidase enzyme used for the production
of cyclodextrin . Enzymatic hydrolysis of cellulosic[31]

materials has been the focus of attention, since theses
materials can be converted into fuels. There are several
investigations on immobilized Tricoderma reesei for
the continuous production of cellulases . Lipase-[32]

catalyzed inter estrification have been considered
superior to chemical processes. Immobilization of
various microbial cells, namely Rhizopus chinensis,
Aspergillus niger, Candida rugosa, and Sporotrichum
thermophile apinis for the lipase production have been
reported . Immobilization  of Phanerochaete[ 3 3 ]

chrysosporium for their production of lignin peroxidase
is a subject of great interest and several reports are
available on immobilization of white rot fungi .[34]

Penicillin acylase is one of the most important enzymes
used commercially for the production of phenyl acetic
acid Bacillus megaterium  is known to be potential
producers of this enzyme . In addition to the above[35]

enzymes, several other important enzymes such as
protease, b-galactosidase, xylanases, dextran sucrose,
and invertase have also been produced using
immobilized cells.

Pollutants Removal:
Wastewater Treatment: The treatment of wastewater
in packed bed bioreactors using immobilized cells is
attracting increasing interest with the application of
different immobilization methods and a variety of
carriers .[36 ,37]

Ammonia Removal: Environmental pollution from
animal waste is a major concern in U.S.A. due to the
rapid growth of confined animal production. This
concern includes ammonia emissions, contaminated
ground and surface water, and unexpected ecological
shifts. Liquid swine manure is mostly treated and
stored in large anaerobic lagoons before land
application. More than 50% of nitrogen (N) entering
lagoon is lost by ammonia volatilization. Its subsequent
deposition across the landscape may be the largest
form of nitrogen non-point source of pollution in the
region. A possible solution is to remove ammonia

2 through the transformation of N using nitrification-
denitrification systems by application of denitrifying
bacteria but the basic problem related to nitrification in
wastewater with a high content of organic carbon is the
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low growth rate of the nitrifying bacteria. In order to

overcome this problem, immobilization technology is

applied .[38]

Enzyme Immobilization Technology  and its

Application: Enzymes are the ubiquitous magicians of

the biological world, catalyzing one substance into a

material that is substantially different. Agriculture,

manufacturing, pharmaceuticals, energy generation, all

aspects of industry and human endeavor rely in some

way on enzyme reactions. However, enzymes are

fragile and operate within very specific temperatures

and environments that reflect their cellular origins. This

fragility has, until now, limited researchers' ability to

precisely control enzyme reactions or to reuse the

enzymes."An enzyme is like a very efficient,

environmentally friendly chemical factory that doesn't

require extreme conditions to operate, Cells have

thousands of enzymes carrying out the chemical

reactions that sustain life, and many of these enzymes

can be tapped for useful applications." 

The possibilities for using immobilized enzymes to

carry out desirable targeted chemical reactions are

endless. New and highly diverse areas of research such

as generating energy more efficiently in hydrogen fuel

cells, purifying chemical and biological materials for

prescription drug use, and detecting and neutralizing

dangerous chemical and biological agents are just a

few of the possible applications of targeted enzyme

reaction.

For several years, scientists have been working to

immobilize enzymes for the purpose of carrying out

targeted chemical reactions. However, the work has not

been very successful due to enzyme fragility—that is,

its inability to retain activity in an incompatible

environment. Immobilizing an enzyme in an optimal

framework with a compatible environment could

prevent its deterioration.

Application of Enzyme immobilization is

uncountable but here enclosed some of these numerous

applications.

Immobilized Enzymes in Organic Solvents: In recent

years, much research has centered on the conduct of

enzyme reactions in organic solvents. It is now well

established that hydrolytic enzymes can catalyze

esterification and transesterification reactions in

monophasic organic solvents and in water-organic

biphasic systems. Conventional immobilized enzymes

are principally used to facilitate catalysts recovery.

Even though enzymes by themselves are insoluble in

organic solvents, in addition to others, the prime

importance to the use of enzymes in organic media is

the necessity to avoid enzyme deactivation or

denaturation. A number of enzymes which are used in

organic solvents have been immobilized using a variety

of techniques with a view to stabilizing them . In[39]

systems containing enzymes immobilized on solid

supports and working in organic media, the support has

a significant influence on the total enzyme activity, and

can also displace the reaction equilibrium (hydrolysis

towards synthesis) due to the interaction of the support

with the water molecules. Thus the choice of a suitable

support material, proper water content, and the

selection of the organic solvents are crucial for the use

of immobilized enzymes in organic media . Another[40]

approach that has been explored is by chemical cross-

linking of enzyme crystals, thereby stabilizing the

crystalline lattice and its constituent enzyme molecules,

which result in forming highly concentrated

immobilized enzyme particles that can be lyophilized

and stored indefinitely at room temperature. Cross-

linked enzyme crystals retain catalytic activity in harsh

conditions, including temperature and pH extremes,

exogenous proteases, and exposure to organic or

aqueous solvents. Lyophilized cross-linked enzyme

crystals can be reconstituted easily in these solvents as

active monodisperse suspensions. Cross-linked enzyme

crystals have shown promise in a variety of

applications like the synthesis of aspartame, using

thermolysin , and for the resolution of chiral esters[41] [42]

the techniques of immobilization can also be extended

to obtain organic solvent-soluble enzymes by treating

them with hydrophobic molecules like the lipids .[43]

Medical Applications of Immobilized Enzymes

Particularly in Therapy: The manufacture or

processing of enzymes for use as drugs is a minor but

important facet of today's pharmaceutical industry.

Attempts to capitalize on the advantages of enzymes as

drugs are now being made at virtually every

pharmaceutical research center in the world.

Lactose Intolerance:

â- Galactosidase: In some people especially senior

citizens and blacks, the mucosal cells of small intestine

fail to produce enough lactase required for lactose

digestion. Undigested lactose in chyme retains fluid,

bacterial fermentation of lactose results in production

of gases, diarrhea, and bloating, abdominal cramps after

consumption of milk and other dairy products. Hence,

amylase/ lactase immobilization should be explored for

further investigation.

Thrombolytic Enzymes:

Streptokinase: The immobilized streptokinase can

successfully be used in treatment of thromboembolic

disorders which require prolong fibrinolytic therapy and

they could be valuable therapy in cases of anticipated

thromboembolic problems .[44]
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Enzymes for Kidney Disorders: Uricase: Gout, an

inflammation of joints occurring frequently in the age

group of 30-50 years is due to the accumulation of uric

acid in the joints. Uric acid is the final product of

purine catabolism in humans. It has poor solubility

(0.42mmol/lit.) When its blood level is increased it will

precipitate mainly in terminal joints. This painful

pathological condition can be due to the over

production of urate by an excessive purine diet (excess

meat) an accelerated ATP degradation or an enzymic

problem (i.e. deficiency of hypoxanthine-guanine

phosphoribosyl transferase) or hyper activity of

phosphoribosyl pyrophosphatase synthetase. It may also

be due to renal under excretion urate to a kidney

dysfunction,an inhibition of urate secretion by tubules

due to competitive anions or an enhanced tubular

reabsorption of urate. Presently patients with acute gout

are treated with anti inflammatory agents to ease pain

followed by uricosuric agents to alter renal excretion to

cure hyper uricaemia an ulternative approach is the

utilization of uricase (urate oxidase) which catalyses

the oxidation of urate to allantoin to decrease the urate

blood level. Allantoin is approx. 100 times more

soluble than urate.

E n z y m e s  f o r  L i v e r  D i s o r d e r s :  A l c o h o l

Dehydrogenase: The covalent immobilization of yeast

3 4  alcohol dehydrogenase (YADH) Fe O magnetic

nanoparticles (10.6nm) via carbodiimide activation was

studied . The immobilization process did not alter the[45]

affect the size and structure of magnetic nanoparticles

w e re  su p e r p a ra m a g n e tic  w i th  a  sa tu ra t io n

paramagnetism of 61emu/g only slightly lower than that

of naked ones (63emu/g). Compared to the free enzyme

the immobilized YADH retained 62% activity and

showed a 10-fold increased stability and a 2.7 fold

increased activity a at Ph 5.For reduction of 2 butanone

by immobilized YADH the activation energies within

25-45 C was27J/mol, the maximum specific waso

0.23mol/min and Michaelis constant for NADH and 2-

butanone was 0.62Mm and 0.43M respectively. These

results indicated structural change of YADH with a

decrease in affinity for NADH and 2-BUTANONE

after immobilization compared with free enzyme.

Catalase: Giovagnoli have encapsulated superoxide

dismutase (SOD) and catalase (CAT) in biodegradable

microspheres (MS) to obtain suitable sustained protein

delivery . A modified water/oil/water double emulsion[46]

method was used for poly (D,L-lactide-co-glycolide)

(PLGA) and poly (D, L-lactide) PLA MS preparation

co-encapsulating mannitol, trehalose, and PEG400 for

protein stabilization. In vitro activity retention within

MS was evaluated by nicotinammide adenine

2 2dinucleotide oxidation and H O  consumption assays.

SOD encapsulation efficiency resulted in 30% to 34%

for PLA MS and up to 51% for PLGA MS, whereas

CAT encapsulation was 34% and 45% for PLGA and

PLA MS, respectively. All MS were spherical with a

smooth surface and low porosity with particle mean

diameters 10 to17 µm. CAT release was prolonged, but

the results were incomplete for both PLA and PLGA

MS, whereas SOD was completely released from

PLGA MS in a sustained manner after 2 months. CAT

results were less stable and showed a stronger

interaction than SOD with the polymers. Mass loss and

mass balance correlated well with the release profiles.

SOD and CAT in vitro activity was preserved in all

the preparations and SOD was better stabilized in

PLGA MS. PLGA MS can be useful for SOD delivery

in its native form and is promising as a new depot

system. Moreover, the 2-month SOD release from

PLGA MS may be potentially useful for long-term

sustained release of the enzyme for the treatment of

inflammatory manifestations, such as rheumatoid

arthritis or other intra-articular and joint diseases.

Diabetics: Glucose Oxidase: The immobilized glucose

oxidase on a polycarbonate membrane modified by a

urethane coupling with a poly-(L-lysine) activated with

glutaraldehyde have been described . The enzymic[47]

properties of immobilized enzyme were investigated

and compared with those of native glucose oxidase.

The thermal stability and pH stability of the

immobilized glucose oxidase were greater than native

enzyme. The molecular mass of poly- (L-lysine) was

investigated as a possible influencing agent on

immobilization of glucose oxidase on porous

polycarbonate membrane. They used standard

immobilization procedure except that the molecular

mass of poly-(L-lysine) was varied in the range 5-300

Kda. The effect of molecular mass on the immobilized

glucose oxidase activity showed that 50 Kda or above

was required for optimum immobilization of glucose

oxidase. The comparison of enzyme activity with the

method of immobilization showed a quantity of glucose

oxidase adsorbed on ordinary poly carbonate membrane

was negligible, while covalent binding with aldehyde

groups in the derivatized membrane was string and no

leakage was observed. The membrane was applied as

glucose sensor.

A p p l ic a t io n  o f  Im m o b i l iza t io n  in  W a te r

Remediation: Nanotechnology has found its way into

hundreds of industries. High-Efficiency Nano-Catalyst

Immobilization Technology (HENCI) is a new

technology used in Potential of ex-situ micro- and

nano-catalyzed w ater remediation. The high-

performance nano-scale catalysts developed for treating

particularly challenging contaminants in water that must
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be removed to a very low level. Ex Situ Treatment of

Waters Containing Organic Contaminants. Groundwater,

Drinking water, Leach ate and Wash Down. Limited

use in ex situ treatment systems due to: Longevity,

Matrix Effects and Particle Retention.

H E N C I  H I G H - e f f i c i e n c y  N a n o -c a ta ly s t

immobilization, due to their size (and also

structure/rapidly morphology), micro/nano-particles

rapidly degrade many dissolved contaminants

.However, due to their small size, there has been no

way to cost-effectively immobilize large quantities on

MNPs in a flow-through reactor. HENCI can

immobilize any new macro-structured nano-catalysts

which have high-µ or paramagnetic components .[48]

Application of Immobilized Enzyme as Biosensors:

Phosphate detection Biosensors (Alkaline phospatase

immobilized on glass fiber for detection of phosphate

in water samples, milk and shrimp).

Attachment of enzymes to the surface of glass

fiber is a technique used for developing biosensors.

This attachment occurs by the covalent bond or

physical adsorption. It has been used widely as one of

the traditional enzyme immobilization technologies.

Although glass provides desirable mechanical strength

and thermo chemical stability, it is difficult to achieve

high enzyme loading as required for efficient

bioprocess application. The development could

potentially enhance the area of rapid detection using

biosensor Procedure, amide bonds were formed

between carboxyl groups on the protein and amino

group on the glass surface was attempted to overcome

the problem .[49]

Application of Immobilized Enzyme in National

Security Arena: Promising applications of enzymes in

the national security arena, for example, could include

infiltrating items such as air filters, masks, clothing, or

bandages with the concentrated immobilized enzymes

to neutralize dangerous chemical gases or vapors .[50]

Application in Cleaning up Pesticide: In many

circumstances pesticides are the only effective means

of controlling weeds, insect, and fungus, parasitic and

rodent pests. Application of pesticide in agriculture

serves to lower the cost of production, increase crop

yields, provide better quality produce and also reduce

soil erosion. Due to the toxic nature of pesticide,

application of theses pesticide also has the potential of

adverse effects on human health and the environment.

Treatment of pesticide-contaminated waste is an

approach that could assist to reduce the impact of

pesticides on the environment. One of the most

important technologies to be applied for this approach

is immobilized enzyme. The immobilized enzyme is

capable of breaking down a range of organophosphate

insecticides . [51 ,52]

Application in Textile Industry: Textile industry is a

conventional industry in many countries, which

possesses a considerable proportion of the economy .In

recent years, special attention has been paid to the

application of biotechnology in textile industries .One

of these technologies is enzyme immobilization,

including biostonewashing of denim with cellulases and

desizing of cotton fabrics with amylases .[53]

Immobilization Technology in Astrobiology:

Immobilization Technology for Life Detection and

Planetary Exploration: The detection of organic

molecules of unambiguous biological origin is

fundamental for the confirmation of present or past life.

Planetary exploration requires the development of

miniaturized apparatus for in situ life detection.

Analytical techniques based on mass spectrometry have

been traditionally used in space science. Recently, a

new approach is gaining acceptance in the space

science community: the application of the well-known,

highly specific, antibody–antigen affinity interaction for

the detection and identification of organics and

biochemical compounds. plethora of structurally

different compounds of a broad range of molecular

sizes, from amino acids level to whole cells. Antibody

microarray technology allows scientists to look for the

presence of thousands of different compounds in a

single assay and in just one square centimeter.

Preservation of biomarkers an the antibody stability

under space environments, smaller biomolecules, such

as amino acids, purines, and fatty acids, are excellent

biomarkers in the search for life on Mars, but they

may be much less resistant to oxidative degradation

than tholin-like or humic materials. As it has been

demonstrated, photo degradation may destroy a

significant fraction of organics initially present in the

upper layers of the regolith .Consequently, a search for

molecular biomarkers on Mars should therefore include

environments shielded from surface oxidants, such as

subsurface samples or the interiors of rocks. Recent

work  showed that amino acids can be protected from[54]

radiolysis decomposition as long as they are shielded

adequately from space radiation. Taking into account

an average amino acid radiolysis constant of 0.113

Mgy!1 they estimated that it is necessary to drill to a

depth of 1.5 to 2 m to detect the amino acid signature

of life that became extinct about three billion years

ago. And to be able to detect any remnants in the

uppermost half meter of the Martian subsurface, the

extinction event would have to be younger than

100–500 million years.
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The determination of amino acid enantiomeric
excesses is a powerful indicator of their prebiotic or
biological origin . A microfabricated capillary[55 ]

electrophoresis device (kind of new immobilization
technology) for amino acid chirality determination was
developed for extraterrestrial exploration . This[56]

concept has been incorporated into the UREY
instrument selected as part of the Pasteur payload for
the ESA ExoMars mission.

Antibody microarray a new immobilization
technology kept the stability of antibody under space
environment allowed it to be applied for planetary
exploration. Recently, the European Space Agency
(ESA) has positively considered an antibody
Microarray-based instrument called Life Marker Chip
(LMC) to become part of the Pasteur payload in the
E x o m a r s  m i s s i o n
(http://www.aurora.rl.ac.uk/Report_of_Pasteur_9_Sept.
pdf).

Conclusion: Immobilization technology will continue
to create exciting new opportunities for commercial
development and profits in a wide range of industrial
sectors including, healthcare and medicine, agriculture
and forestry, fine and bulk chemicals production, food
technology, fuel and energy production, pollution
control and resource recovery. Immobilization
technology offers a great deal of hope for solving
many of the problems our world faces! The future
prospects in enzyme and biomass technology for
astrobiology will be widened by future endeavor. 
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