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Abstract 
 

Isomerization of glucose to fructose was carried out 

using Glucose isomerase (GI) that immobilized by 

entrapment into Poly (acrylic acid) P (AA) and Poly 

(acrylic acid-co- 2-Acrylamido 2- methyl Propane 

sulfonic acid) P (AA-co-AMPS) polymer networks, the 

enzyme carriers were prepared by radiation induced co-

polymerization in presence of (Methylene-            

bisacrylamide) (MBAA) as a crosslinking agent. Effects 

of immobilization conditions such as irradiation dose, 

methylene bisacrylamide concentration, comonomer 

composition, and amount of GI were investigated.  The 

influence of reaction conditions on the activity of 

immobilized GI were studied, the optimum pH value of 

reaction solution is 7.5 and reaction temperature is 65
o
C. 

The  immobilized GI into P (AA-co-AMPS) and P (AA) 

polymer networks retained 81% and 69%,respectively, 

of its initial activity after recycled for 15 times while it 

retained 87% and 71% ,respectively ,of its initial activity 

after stored at 4
o
C for 48 days , The  Km values of free 

and  immobilized GI  onto P(AA-co-AMPS) and onto 

P(AA) matrices  were found to be 34, 29.2  , 14.5 mg/ml  

respectively while the  Vmax Values calculated to be   



3.87 ,1.6,0.79 mg/ml.min, respectively, Therefore , the 

bio conversion of glucose to fructose can be successfully 

performed  by GI entrapped into P (AA-co-AMPS) 

hydrogel . 

Keywords: - Radiation, Polymerization, Enzyme 

immobilization, entrapment, Glucose isomerase. 
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                                Aim of Work 

This work aims to prepare immobilized enzyme on 

mainly water insoluble carriers to obtain more stable and 

reusable forms of enzyme by the use of radiation 

polymerization, theses carriers of certain types of 

functionalized materials .choice of such materials is 

mainly due to its ability to form physical or chemical 

bonds with the enzyme. The study will include the 

influence of several parameters, such as content of 

crosslinking network structure, pH, temperature and 

ionic strength on the enzyme activity in the free and 

immobilized forms. 

In this respect, the following investigations will be 

carried out: 

1-Different polymeric supports will be prepared by 

means of copolymerization by the use of ionizing 

radiation. 

2-Further chemical treatments for the prepared 

polymeric supports will be made to meet the 

requirements for the immobilization of enzymes via 

reactive functional group. 



3-The factors affecting the preparation process to meet 

the requirements of its uses as reactive biomaterials will 

be thoroughly determined. 

4-The water content, and thermal stability and other 

properties of the prepared copolymer will be 

investigated to determine the possibilities for their 

practical uses as enzyme carrier. 

5-The conditions that may affect the activity of the 

immobilized enzyme such as copolymer composition, 

irradiation dose and content of crosslinking network 

structure in the immobilized hydrogels will be 

investigated. 

6-The influence of several parameters such as 

characterization of the free and immobilized enzyme 

which include the following:  

a. pH and temperature on the enzyme activity. 

b. Thermal and storage stability measurement of 

free and immobilized enzyme. 

c. Kinetic parameter, the Michael's constant Km 

and Vmax for free and immobilized enzyme. 

d. Reusability of immobilized enzyme 
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CHAPTER I 

INTRODUCTION 

Enzymes are attractive catalysts as they are highly 

effective and specific under ambient conditions. A major 

drawback is their short lifetimes. Research over the last 

four decades has focused on understanding the modes of 

enzymatic deactivation, as well as developing methods 

to overcome this shortcoming of the biocatalytic 

approach. Most enzymes are stable when stored at low 

temperatures and neutral pH’s, in aqueous media. This 

state is fragile and can be easily disturbed by means of 

external stresses such as high pressures and 

temperatures, extreme pH’s, organic solvents, freezing, 

drying, and by oxidative chelating, or denaturing agents. 

Hua, X et al., (2013). However, in most of the industrial, 

analytical, and clinical processes, enzymes are mixed in 

a solution with substrates and cannot be economically 

isolated after the exhaustion of the substrates or the 

completion of a reaction. This single use is wasteful 

when the cost of enzymes is considered. However, there 

is an incentive to enzymes in an immobilized or in 

solubilized form so that they may be reused in a 
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biochemical reactor to catalyze further the subsequent 

feed. Buetusiwa Thomas Menavuvu et al., (2006). 

Enzyme immobilization is an effective way to 

overcome these limitations to some extent. First, the 

multiple-point attachment to the support can restrict the 

undesirable conformational change of enzyme proteins 

in unfriendly environment. Second, insoluble supports 

can be recycled much more easily than soluble enzymes.  

The results of immobilization, including the 

performance of immobilized enzymes, strongly depend 

on the properties of supports, which are usually referred 

to as material types, compositions, and structures. J. 

Kim, et al., (2006). 

Since immobilized enzyme can be easily collected from 

the reaction mixture and their thermal and organic 

solvent stabilities are superior to those of free enzymes, 

many studies have been performed for the development 

of immobilized enzyme for the reaction in non aqueous 

media. Yang et al., (1995), Donald and Judith et al., 

(1995).  Klibanov A.M (1983). Roger.A. Sheldom 

(2007). There are a number of benefits for attaching 

enzymes to a solid supports, these include increased 

enzymatic stability in extreme conditions of temperature, 
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pH and organic solvents; recovery and reuse of the 

enzymes. Mittal et al., (2005) Wilson et al., (1994). 

The large variety of matrices that can be used ranges 

from natural and synthetic polymers to silica beads. 

Various techniques have been developed for enzyme 

immobilization, including adsorption to insoluble 

materials Tomotani and Vitolo (2006), entrapment in 

polymeric gels Curulli et al., (2006), encapsulation in 

membranes Patel et al .,( 2006), cross-linking with 

bifunctional reagents Simiddy et al.,( 2006) or covalent 

linking onto insoluble carriers Gao et al. (2006).   

Immobilization protocols have to be very carefully 

developed for a certain type of enzyme to ensure the 

immobilized enzyme retains reasonable activity levels, 

and for practical purposes, long term stability and desired 

physical properties, which could facilitate large, scale 

operation Gao et al., (2004). Hanefeld U, et al., (2009). 

The enzyme immobilization on supports, such as porous 

glass, silica, iron oxide, chitosan cellulose, agarose, 

carrageenan, epoxy supports and various other polymers, 

has been well documented and applied in diversified 

industrial divisions Ye P et al., (2005). In recent years, 

polymer supports have gained more attention for 
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applications in biosensors and biochips because of these 

advantages   Gamby J et al., (2007). For protein 

immobilization, synthetic polymers can show some 

advantages such as molecular tailor ability, 

biocompatibility, inertness to microbial attack, excellent 

processibility and enormous available aggregation forms 

that can be achieved through different processing and self 

assembling methods Sheldon RA et al. (2007). Hence, 

immobilization can be achieved in many ways, of these; 

Entrapment is one of the simplest methods of 

immobilization under milder conditions, and therefore, 

results in minimum denaturation of the biocatalyst during 

the process. 

It may be a good choice owing to a relatively inert 

aqueous environment within the matrix and causing 

relatively little damage to the structure of the native 

enzyme. Matto.M and Husain. M (2006) 

Musthapa .S.M, et al., (2004),  Ishikawa.H (2001).   

 Entrapment can be defined as physical restriction of 

enzyme within a confined space or network. Gelation of 

polyanionic or polycationic polymers by the addition of 

multivalent counteri- ons is a simple and common 
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method of enzyme entrapment .   Xinyang Li et al., 

(2010). ERTESVÅG et al., (1998).   

The entrapment method of immobilization is based on 

localize enzymes within the lattice of a polymer matrix 

or membrane. It is done in such a way as to retain 

protein while allowing penetration of substrate. It can be 

classified into lattice and micro capsule type. This 

method differs from the covalent binding and cross 

linking in that the enzyme itself does not bind to the gel 

matrix or membrane.   

     

 

 

On the other hand, the entrapping method with a 

hydrophilic polymer carrier is advantageous for its 

relatively high activity yield owing to its mild 

immobilization conditions and is also useful in its 

applicability to a general entrapping of biofunctional 
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components other than enzymes, Hoffman et a1., 

(2006) immobilization within a polymer network by 

copolymerizing the enzyme with monomers with 

specific functionalities, during polymerization, the 

enzyme acts as a monomer and is, thus, expected to be 

uniformly distributed within the resulting biopolymer.  

E.A. Ponomareva et al., (2010). Ogino, H and 

Ishikawa.H (2001). Duran.N and Esposito .E (2000). 

Geraldine F. et al., (1997).  

The authors found that immobilizations of various 

biofunctional components in various forms could be 

done successfully by means of radiation induced 

polymerization this new entrapping method is 

characterized by the ability for molding and shaping of 

an immobilized system to various forms are done very 

easily by mold polymerization, and the broad selection 

of carrier polymer is possible using a wide range of 

hydrophilic and hydrophobic vinyl polymers according 

to the required properties for the matrix   MITTAL. 

A,et al., (2005).   

Glucose isomerase enzyme isomerizes D-xylose into D-

xylulose by in-vivo and D-glucose into D-fructose by 

vitro Chen (1980). This activity of the enzyme is used 
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in industry for production of high- fructose  corn syrup 

from corn starch which is a multi-step isomerization 

reaction catalyzed by glucose isomerase .  Mohana 

Sundaram Sukumar et al., (2013) Bhosale et al ., 

( 1996).  Antrim et al., (1975) Tsumura and Sato 

(1965).    

 According to Wiseman, (1975) GI may be the most 

important of all industrial enzymes of the future. It 

catalyzes the reversible isomerization of D-glucose to 

fructose (Fig.1). 

  

 

Because of the commercial interest in using glucose 

isomerase,the enzyme was immobilized by a wide range 

of the known techniques I. Gancarz et al (2003 ) ,   

Bhosale et al., (1996).  

Immobilization of the glucose isomerase can offer 

several advantages for industrial and biotechnological 

applications, including repeated use, ease of separation 

of reaction products from the biocatalyst, improvement 

of enzyme stability, continuous operation in a packed-
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bed reactor and the alteration of the properties of the 

enzyme. GI have been immobilized on different support 

materials such as DEAE-cellulose Chen and  Anderson, 

(1979) Huitron and Limon-Lason (1978), 

polyacrylamide gel Demirel et al., (2006) Strandberg 

and  Smiley, (1971), alginate beads Rhimi et al,( 2007). 

Marshall and Kooi (1957) discovered glucose 

isomerase and succeeded in producing it in 

commercially viable amounts using enzymatic 

isomerization (EI). This discovery, which made it 

possible to produce fructose by EI of glucose isomerase, 

was "rst attempted by Takasaki, (1967) and later by 

Danno (1970). 

EI of glucose to fructose using immobilized GI has 

become one of the most successful enzymatic processes. 

The enzymes are immobilized in the pores of micro 

porous particles which can take on a variety of shapes  

Nowadays the conversion of glucose to fructose has 

been subject of many studies in which the main 

objective is to maximize the yield and conversion of the 

isomerization reaction and to minimize costs of all 

types: additives, energy consumption, and purification 

stages, among others.  The use of the enzyme 
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technology has been the major industrial application in 

the HFS production by isomerization of glucose to 

fructose . Misset et al., (1991). 

Radiation processing was used early for polymer 

modification, radiation cross-linking offers advantages 

or possibilities in special applications over one or both 

of the chemical alternatives. 

Radiation cross-linking occurs at room temperature or 

at temperature up to about 60 
o
C. Therefore, there are no 

limitations regarding the use of heat sensitive additives 

in the polymer. Radiation cross-linking is technically 

and economically feasible as a pure physical process. It 

can be organized and controlled easily so as to meet the 

specifications, due to inherent nature of slow diffusion 

of heat into varying depths, speed of cross-linking of 

reeled products, Radiation technology does not need to 

be licensed from a specific supplier, thus greater 

freedom in ordering materials. Andrzej. G et al., (2005). 

In recent years, the radiation technique has been applied 

to immobilization of enzymes and cells.  Hoffman et 

a1., (2009). 

The selection of the appropriate support for enzyme 

immobilization is of the outmost importance since the 
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efficiency of the enzyme depends largely on the nature 

of the support and its bonding with the enzyme in 

addition to its high affinity or capacity for enzyme. A 

suitable chemical structure of support maximizes the 

degree of interaction of enzyme and the substrate. The 

support should be thermal stable, chemically durable, 

resistant to contamination and available at a reasonable 

cost .K.S.Atia (2003). 

Superabsorbents are three-dimensional networks of  

Hydrophilic polymers connected by chemical and/or 

physical crosslinking Kuang, et al., (2010). These 

networks are composed of homopolymers or copolymers 

and can absorb and hold a significant amount of water.  

Superabsorbents can be preparedwith different 

functional groups such as carboxylic acid, amine, 

hydroxyl, amide and sulfonic acid groups.  These groups 

attached onto the polymeric networks can be tailored 

easily for a specific application, Yan Bao et al., (2011). 

AA   is an  anionic   monomer.  It   was   rather   cheap, 

common monomer of preparing superabsorbent. Houng 

et al., (1998) studied immobilization of enzymes using 

acrylic polymers and reported that the stiff acrylic 

polymer was useful for recycling use in organic solvent. 
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AMPS is hydrophilic monomer containing nonionic and 

anionic groups. Increasing number of ionic groups in the 

superabsorbent is known to increase their swelling 

capacity. The nonionic groups can improve their salt 

tolerance. A hydrogel is a polymeric material which has 

the ability to swell in water and retain a significant 

fraction of water within its structure.  However, it will 

not dissolve in water. The network of hydrogel can be 

formed by radiation crosslinking. Some polymers that 

can form hydrogels are polyvinylalcohol (PVA), 

polyacrylamide P (AAm) , P (AA) Hydrogels have 

excellent biocompatibility and can be used for enzyme 

supports and controlled release of drugs which can be 

incorporated in the hydrogel  M.R. Cleland et al (2003) 

The properties of hydrogels may get varied with respect 

to pH and temperature T.S. Anirudhan and, A.R. 

Tharun (2012) 

The most common hydrogels are polyelectrolyte gels: 

their high degree of swelling in water is due to the 

exerting osmotic pressure of counter ions. Such gels can 

acquire up to several hundred weight parts of water per 

one part of a dry polymer. However, some neutral gels, 

e.g., based on poly acrylamide or poly (ethylene oxide) 
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also have high affinity to water, but their degree of 

swelling is always much lower than that of charged gels.  

Branca et al., (2006).    Bajpai and Giri, (2003)  

Because of the wide range of unique combinations of 

polymer backbone and crosslinking agent, properties 

such as hydrogel swelling, degradation, mechanical 

strength and swelling kinetics are interrelated in a 

complex and dynamic fashion. However, these 

characteristics could potentially be tailored to meet a 

specific biomedical application by modulating hydrogel 

compositions. Biodegradable polymers are the youngest 

members of the materials family with increasing 

applications in pharmaceutical, medical and biomedical 

engineering Jayakumar et al., (2007) Vandamme  et  

al., (2002 ).  Bernkop-Schnurch and Kast (2001), the 

dynamic swelling equilibrium of ionic hydrogels is 

closely related to pH, ionic strength, temperature and 

composition of the external solutions. Since ionic 

hydrogels are pH responsive, they may form 

biologically stable ionic networks due to the strong ionic 

interaction Berger. J et al., (2004),  Byrne EM et al., 

(2002). 
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CHAPTER II 

LITERATURE REVIEW 

The following review of the scientific literature 

will focus on the radiation induced polymerization, 

hydrogels, Enzyme immobilization and Glucose 

isomerase enzyme 

II.1.1 Hydrogels 

Anne Maltais et al., (2010) investigated the swelling of 

soy protein filamentous hydrogels and tablets thereof 

and the release of riboflavin from these drug delivery 

devices under simulated gastrointestinal conditions in 

the presence or absence of digestive proteases. 

Microscopic examination showed riboflavin arranged 

into crystals dispersed randomly throughout the 

hydrogel and the tablet powder. Swelling experiments 

showed a comparable behavior of water uptake for 

hydrogel and tablet at pH 1.2 as well as tablet at pH 7.5, 

featuring a low swelling rate. Hydrogel at intestinal pH 

began to shrink after 1 h, which coincided with a loss its 

structure. Riboflavin release was faster at pH 7.5 than at 

pH 1.2 for both devices. Swelling was the principal 

mechanism of riboflavin release from tablets- at pH 7.5, 

while drug-polymer interactions slowed this release at 



Chapter II                                                           Literature Review 

 

14 

 

pH 1.2. In the presence of pepsin at pH 1.2, both devices 

showed slow zero-order release of riboflavin for 6 h, 

while both were digested completely in the presence of 

pancreatin at pH 7.5. These results suggest that these 

tabletted hydrogels and the hydrogels themselves might 

both be useful for transporting bioactive molecules 

through the gastrointestinal tract and delivering them in 

the small intestine. Considering their non-synthetic 

nature, they should be of great interest for the 

development of innovative functional foods. 

Safaa. G et al., (2007) studied Copolymer network 

hydrogels were prepared by gamma irradiation of 

aqueous solutions of poly (vinyl pyrrolidone) (PVP) and 

acrylic acid monomer (AAc). The composition of the 

final hydrogels compared to the composition of the 

initial preparation solutions of hydrogels was 

determined. The chemical structure and nature of 

bonding was characterized by IR spectroscopy analysis, 

while the thermal durability of the prepared hydrogels 

was assessed by thermogravimetric analysis (TGA). The 

kinetic swelling in water and the pH-sensitivity of 

PVP/AAc copolymer hydrogels was studied. The drug 

release properties of PVP/AAc hydrogels taking methyl 
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orange indicator as a drug model was investigated. The 

IR spectra indicate the formation of copolymer networks, 

whereas the TGA study showed that the PVP/AAc 

hydrogels possess higher thermal stability than pure 

PAAc and lower than PVP hydrogels. The kinetic 

swelling in water showed that all the hydrogels reached 

equilibrium after 24 h and that the degree of swelling 

increases with increasing the ratio of AAc in the initial 

feeding solutions. It was found that the degree of 

swelling of PVP/AAc hydrogels increases greatly within 

the pH range 4–7 depending on composition of bioactive 

molecules through the gastrointestinal tract and 

delivering them in the small intestine. 

Andrzej G. et al., (2005) studied the Modification in 

polymeric structure of plastic material can be brought 

either by conventional chemical means or by exposure 

to ionization radiation from ether radioactive sources or 

highly accelerated electrons. The prominent drawbacks 

of chemical cross-linking typically involve the 

generation of noxious fumes and by products of 

peroxide degradation.  Both the irradiation sources have 

their merits and limitations. Increased utilization of 

electron beams for modification and enhancement of 
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polymer materials has been in particular witnessed over 

the past 40 years, and reported a survey of radiation 

processing methods of industrial interest, encompassing 

technologies which are already commercially well 

established, through developments in the active R&D 

stage which show pronounced promise for future 

commercial use. Radiation cross-linking technologies 

discussed include: application in cable and wire, 

application in rubber tyres, radiation vulcanization of 

rubber latex, development of radiation crosslinked SiC 

fiber, polymer recycling, development of gamma 

compatible pp, hydrogels etc. Over the years, 

remarkable advancement has been achieved in radiation 

processing of natural polymers. Role of radiation in 

improving the processing of temperature of PCL for use 

as biodegradable polymer, in accelerated breakdown of 

cellulose into viscose and enhancement in yields of 

chitin/chitosan from sea-food waste, is described. 

Eun Seok Gil and Samuel M. Hudson (2004) studied    

stimuli responsive polymers can provide a variety of 

applications for the biomedical fields. The interest in 

these polymers has exponentially increased due to their 

promising potential. Among them, temperature and pH 
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responsive mechanisms have been considerably 

investigated because they are relatively convenient and 

effective stimuli in many applications, and their main 

purposes are focused on temperature and pH responsive 

polymer systems and additionally the other stimuli-

based responsive polymers will be assessed. Dozens of 

reviews have been recently reported to introduce the 

field of stimuli responsive polymers. However, most of 

these reviews have been focused on one specific 

application such as drug delivery or one specific 

physical form such as hydrogels. The whole range of 

applications and physical forms of stimuli responsive 

polymers will be elucidated, which is more helpful to 

design new approaches because the basic concepts and 

mechanisms are systematically connected. This means 

that any new advanced concepts and mechanisms can be 

utilized in a variety of other applications as well as other 

physical forms. Also, we will describe the classification 

of stimuli responsive polymers by their mechanism of 

response to stimuli. Moreover, this review focuses on 

recent approaches of molecular designs which are 

extremely necessary to develop more desirable and 

functional stimuli responsive polymers. 
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Abd El-Rehim et al., (2004) investigated the 

preparation and characterization of superabsorbent 

hydrogels obtained by radiation induced crosslinking of 

polyacrylamide (PAAm) ,Polyacrylic acid (PAA) ,Poly 

(vinyl alcohol ) (PVA), and Potassium Polyaccrylate 

(PAAcK) individually and in (PAAm) –binary systems 

for possible uses in agricultural fields .The swelling of 

the prepared hydrogels was mainly related to the 

hydrophilic groups and \or the presence of polarized 

charges . The preparation conditions, such as irradiation 

dose and hydrogel blend compositions that influence the 

water absorbency and alter their gel content and 

crosslinking density were investigated. The higher the 

irradiation dose, the higher the gel content and the lower 

the water absorbency .PAAm\PAAcK  copolymer , 

processing pore structure  and fast swelling was 

prepared by mixing the hydrogel with a gas forming 

agent , namely ammonium carbonate and found that 

such hydrogels can improve the water retention 

properties of sandy soil  for cultivation.  

Basudam Adhikari and Sarmishtha Majumdar 

(2004) investigated that because of their chemical and 

physical properties may be tailored over a wide range of 
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characteristics, the use of polymers is finding a 

permanent place in sophisticated electronic measuring 

devices such as sensors. During the last 5 years, 

polymers have gained tremendous recognition in the 

field of artificial sensor in the goal of mimicking natural 

sense organs. Better selectivity and rapid measurements 

have been achieved by replacing classical sensor 

materials with polymers involving nano technology and 

exploiting either the intrinsic or extrinsic functions of 

polymers. Semiconductors, semiconducting metal 

oxides, solid electrolytes, ionic membranes, and organic 

semiconductors have been the classical materials for 

sensor devices. The developing role of polymers as gas 

sensors, pH sensors, ion-selective sensors, humidity 

sensors, biosensor devices, etc., are reviewed and 

discussed in this paper. Both intrinsically conducting 

polymers and non-conducting polymers are used in 

sensor devices.  Polymers used in sensor devices either 

participate in sensing mechanisms or immobilize the 

component responsible for sensing the analyte. Finally, 

current trends in sensor research and also challenges in 

future sensor research are discussed. 
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Lope´rgolo et al., (2003) reviewed that hydrogels for 

biomedical purposes, made from synthetic polymers as 

starting materials and free of co-adjuvant molecules, 

have been produced almost exclusively by high-energy 

radioactive processes. On the other hand, UV photo 

crosslinking of such materials has been used in 

conjunction of monomers and/or photo initiators. This 

work was addressed to the analysis of poly (N-vinyl-2-

pyrrolidone) (PVP) submitted to direct 

photocrosslinking in aqueous solution, using low 

pressure Hg lamp (lem ¼ 254 nm). The process 

efficiency was evaluated, and the properties of the 

hydrogel formed were determined. The product thus 

formed has similar micro- and macroscopic properties, 

as compared to hydrogels produced by high-energy 

radiation and presents no cyto toxicity. These results 

demonstrated the viability of using this method as a 

versatile alternative to hydrogel production, broadening 

the possibility of its production where high-energy 

radiation facilities are not available.  

 

Rosiak (2002 ) reviewed that, hydrogels, i. e. materials 

consisting of a permanent, three-dimensional network of 
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hydrophilic polymers and water filling the space 

between the polymer chains, have a number of 

biomedical applications, such as wound care products, 

dental and ophthalmic materials, drug delivery systems, 

elements of implants, constituents of hybrid-type organs, 

as well as stimuli-sensitive systems. Among various 

methods applied for the production of hydrogels, the 

radiation technique has many advantages, as a simple, 

efficient, clean and environment-friendly process. It 

usually allows combining the synthesis and sterilization 

in a single technological step, thus reducing costs and 

production time. Efficient application and further 

development of this method requires broadening of the 

basic knowledge on the underlying radiation chemistry 

of polymer systems.  

 Some selected aspects of radiation chemistry of 

polymers in an aqueous, solution are presented in this 

work. The experimental techniques used for studying the 

radiation-induced processes in polymer solutions are 

described with special emphasizing of determination of 

radiation yield of crosslinking by various methods. Also, 

pulse radiolysis method with different detection methods 

is briefly described.  
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Yong Qiu, and Kinam Park (2001) studied   

environmentally sensitive hydrogels have enormous 

potential in various applications. Some environmental 

variables, such as low pH and elevated temperatures, are 

found in the body. For this reason, either pH-sensitive 

and/or temperature-sensitive hydrogels can be used for 

site-specific controlled drug delivery. Hydrogels that are 

responsive to specific molecules, such as glucose or 

antigens, can be used as biosensors as well as drug 

delivery systems. Light-sensitive, pressure-responsive 

and electro-sensitive hydrogels also have the potential to 

be used in drug delivery and bio separation. While the 

concepts of these environment-sensitive hydrogels are 

sound, the practical applications require significant 

improvements in the hydrogel properties. The most 

significant weakness of all these external stimuli-

sensitive hydrogels is that their response time is too slow. 

Thus, fast-acting hydrogels are necessary, and the 

easiest way of achieving that goal is to make thinner and 

smaller hydrogels. This usually makes the hydrogel 

systems too fragile and they do not have mechanical 

strength necessary in many applications. 

Environmentally sensitive hydrogels for drug delivery 
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applications also require biocompatibility. Synthesis of 

new polymers and cross linkers with more 

biocompatibility and better biodegradability would be 

essential for successful applications. Development of 

environmentally sensitive hydrogels with such 

properties is a formidable challenge. If the achievements 

of the past can be extrapolated into the future, however, 

it is highly likely that responsive hydrogels with a wide 

array of desirable properties can be made. 

II.1.2 Acrylic acid monomer 

Yan Bao et al.,  (2011) studied superabsorbents were 

synthesized by graft copolymerization of acrylic acid 

(AA)/acrylamide(AM) (2-acrylamido-2-methyl-1-

propanesulfonic acid (AMPS) onto sodium 

carboxymethyl cellulose (CMC) and montmorillonite 

(MMT) by using potassium persulfate (KPS) as a free 

radical initiator, in the presence of N,N_-

methylenebisacrylamide (MBA) as a crosslinking agent. 

The structure and morphologies of the superabsorbents 

were characterized by Fourier transform infrared 

spectroscopy (FTIR), thermogravimetric analysis (TGA) 

and scanning electron microscope (SEM). 

Superabsorbent comprised a porous crosslink structure 



Chapter II                                                           Literature Review 

 

24 

 

of MMT and CMC with side chains that carry 

carboxylate, carboxamide and sulfate. The swelling 

behaviors of the superabsorbent were dependant on 

thepHof external solutions, particle size and the 

concentration of the salt solution. The effect of four 

cationic salt solutions on the swelling had the following 

order: K
+
 >Na

+
 >Ca

2+
 >Mg

2
. 

N. Sheikh et al., (2010) studied Poly (acrylic acid) 

(PAA)hydrogels were prepared by using electron 

beam(EB) crosslinking of PAA homo polymer from its 

aqueous solutions .The swelling behavior of the 

hydrogels was studied as function of the concentration 

of PAA solution, radiation dose, pH of  the swelling 

medium and swelling time. Also the environmental pH 

effect on the water diffusion mode into hydrogels was 

investigated. The hydrogels clearly showed pH-sensitive 

swelling behavior with Fickian type of diffusion in the 

stomach-like  pH medium(pH1.3)and non-Fickian type 

in the intestine-like pH medium(pH6.8) and he found 

that In order to make PAA hydrogels, electron-beam 

irradiation of PAA homo polymer in aqueous solutions 

was done. Gel content and equilibrium swelling of 

hydrogel products increased as the initial concentration 
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of PAA solution decreased. Also, the increase of 

radiation dose up to 25 kGy led to the rising of gel 

content but further increases in absorbed doses hardly 

affected the gel content and gel fraction reached a 

plateau at a value lower than 100%. It was found that 

equilibrium swelling of the hydrogel depends on the 

radiation dose and decreased with increasing dose due to 

the higher crosslinking degree 

Tiwari et al., (2009) investigated Guar gum (GG) is a 

non-ionic polysaccharide that is found abundantly in 

nature and has many properties desirable for biomedical 

applications. In the present work GG with molecular 

weights ranging from 74 to 210 kDa was modified with 

glycidyl methacrylate (GMA) to produce a series of 

water-soluble photopolymerizable guar gum–

methacrylate (GG–MA) macromonomers of different 

molecular weights. We investigated the effects of 

molecular weight of GG–MA macromonomers from 102 

to 216 kDa and with percent degree of methacrylation 

(%DM) ranging from 14% to 56% on the properties of 

GG–MA hydrogels. GG–MA hydrogels exhibited a 

three dimensional open cell microstructure with an 

average pore size ranging from 10 to 55 lm and an 
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average pore density of from 2.4  106 to 8.6  107 pores 

cm
3
. The hydrogels exhibited equilibrium swelling ratios 

ranging from 22% to 63%. The degree of in vitro 

enzymatic biodegradation of the hydrogels decreased 

linearly with increasing gel content and the degree of 

methacrylation of the respective macro monomers. The 

human endothelial cell line EA.hy926 was photo-

encapsulated in the GG–MA hydrogels. Cells remained 

viable at low macromonomer concentrations, but cell 

viability decreased sequentially as the macromonomer 

concentration increased. GG–MA hydrogels with a 0.05 

wt.% GG–MA macromonomer concentration revealed 

excellent endothelial cell proliferation.  

Henke. A et al., (2005) studied that Interpolymer 

complexes were obtained using high-molecular-weight 

polyvinyl pyrrolidone and oligomeric poly (acrylic acid) 

as substrates. Turbidimetric and viscometric studies 

indicate that complexation is most pronounced at a 

molar PAA fraction of ca. 0.8, and that the critical pH 

values for complex formation are in the range 3.7–4.0, 

depending on the molar ratios of components. 

Irradiation of PAA–PVP complex structures by pulses of 

fast electrons in dilute, deoxygenated solutions induces 
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intramolecular (intra-complex) cross-linking, evidenced 

by decrease in viscosity and radius of gyration, leading 

to the formation of permanent PAA–PVP nanogels and 

thy showed that polyvinyl pyrrolidone forms complexes 

in dilute aqueous solution with oligomeric poly(acrylic 

acid). For this pair of polymers, critical pH values as 

well as stoichiometry of interaction equal 4.0 and 0.8, 

respectively, were obtained by means of turbidimetry 

and viscometry. The complexes can be internally cross-

linked by pulse-irradiation with fast electrons in 

deoxygenate d aqueous solution. It seems that radiation 

technique may be a useful tool to obtain multi 

component nano gels based on polymer complexes of 

hydrogen-bonding macromolecules. 

De la Torre et al., (2002) developed the Non-covalent 

poly ionic complexes for localized antibiotic delivery in 

the stomach. Freeze-dried inter polymer complexes 

based on poly acrylic acid (PAA) and chitosan (CS) 

were prepared in a wide range of copolymer 

compositions by dissolving both polymers in acidic 

conditions. The influence of hydrogel-forming medium 

on the swelling and drug release was evaluated. 
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The properties of these complexes were investigated by 

using scanning electron microscopy, dynamic 

swelling/eroding and release experiments in enzyme-

free simulated gastric fluid (SGF). 

Ferreira et al., (2002) studied Dextran, a natural 

glucose-containing polysaccharide, has been acylated by 

Proleather FG-F and lipase AY, a protease and lipase 

from Bacillus sp. and Candida rugosa, respectively, in 

anhydrous dimethylsulfoxide in the presence of vinyl 

acrylate (VA). The efficiency of the reaction in the 

presence of Proleather FG-F and the isolated yields were 

ca. 71% and 45%, respectively. Dextran derivatized with 

VA (dexT70-VA) was characterized by gel permeation 

chromatography and its structure was established by 

NMR indicating two positional isomers at the 2 and 3 

positions on the glucose moieties in equal amounts. 

Furthermore, the dextran glucopyranose residues were 

mono-substituted. The benefits of the bio catalytic 

synthesis of dextran acrylates was demonstrated using 4-

dimethylaminopyridine as a chemical catalyst. Gels 

were prepared by free radical polymerization of aqueous 

solutions of dexT70-VA with different degrees of 

substitution and monomer concentrations. 
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Intermolecular linkages and physical entanglements are 

predominantly formed by concentrated solutions; 

however, a part of the acrylate groups did not react.  

Gancarz.I et al., (2003) studied the Polysulfone films 

which modified by ammonia, n-butylamine and 

allylamine remote plasma using various sample-

toplasma distances. Contact angle measurements, FTIR-

ATR and XPS spectroscopy proved the presence of 

polar, including amine, groups on the modified surface. 

Presence of argon in the plasma environment made the 

plasma more stable and in most cases left the surface 

more hydrophilic but with a lower amount of nitrogen 

moieties on it. Glucose isomerase was successfully 

immobilized on the plasma-treated samples. Its activity 

correlates well with the concentration of C–N bonds on 

the surface. The highest enzyme activity was achieved 

for samples treated with allylamine/Ar plasma close to 

the plasma edge. 

Hegazy et al., (1999) studied the preparation and 

characterization of supported hydrogels obtained by 

radiation-induced graft copolymerization of 

styrene/maleic anhydride (Sty/MAn) binary monomers 

system onto low density polyethylene films were 
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investigated. Attention was focused on the selection of 

the reaction parameters suitable for the commercial 

production of such hydrogels. The factors which affect 

the preparation process and grafting yield are type of 

solve rate, total dose, comonomer composition and their 

concentrations in the diluents. The structure and 

composition of the grafted chains were also determined. 

The change in tensile strength and percent elongation at 

break with degree of grafting was determined for the 

untreated LDPE-g-P (Sty/MAn) membranes. It was 

found that the tensile strength improved by grafting but 

the percent elongation decreased. The change in thermal 

parameters was measured using deferential scanning 

calorimeter (DSC). The grafted P (Sty/MAn) chains are 

amorphous in nature and a slight effect on the 

crystallinity of PE structure was observed. The 

possibility of the practical uses of such modified 

membranes was suggested. 
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II.1.3 (2-Acrylamido-2-methylpropane sulfonic acid) 

    AMPS Monomer  

 

LIAO Liewen et al., (2011) studied crosslink 

polymerization kinetics of poly (acrylic acid-co-2-

acrylamido-2-methylpropane sulfonic acid). AA/AMPS 

hydrogels, was investigated by using dilatometry in the 

presence of sodium persulfate as initiator and 

N,N�methylene bis(acrylamide) as crosslinker. It was 

found that the reaction for the crosslink polymerization 

of AA/AMPS hydrogels had orders of 0.58, 1.14, and 

0.86 with respect to the initiator, AMPS, and AA, 

respectively.  From the Arrhenius plots, the activation 

energy of the crosslink polymerization was found to be 

about 140 and 89 kJ·mol1 in the presence and absence 

of the crosslinker, respectively, in the temperature range 

from 45 to 65 
o
C. It was noted that the crosslinker had 

effects on the reaction order of the initiator and the 

activation energy due to the formation of cross-linked 

networks, which was verified by Fourier transfer 

infrared (FTIR) spectrum. To further confirm the 

influences of the cross-linked network structure on 

kinetic parameters of the crosslink polymerization, a 

mechanism was proposed, which highlights the different 
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termination routes between free radical polymerization 

and crosslink polymerization. These results suggest that 

dilatometry provides a convenient tool for crosslink 

polymerization study, and confirm that the cross-linked 

networks are formed in the crosslink polymerization. 

Preda.N et al., (2010) reported the synthesis of a new 

hybrid composite based on PbS nano particles and poly 

(methyl methacrylate-2-acrylamido-2-methylpropane 

sulfonic acid) [P (MMA-AMPSA)] copolymer is 

reported. The chemical synthesis consists in two steps: 

(i) a surfactant-free emulsion copolymerization between 

methyl methacrylate and 2-acrylamido-2-methylpropane 

sulfonic acid and (ii) the generation of PbS particles in 

the presence of the P (MMA-AMPSA) latex, from the 

reaction between lead nitrate and thiourea. The 

composite was studied by scanning electron microscopy 

(SEM), X-ray diffraction, FTIR spectroscopy, 

thermogravimetric analysis and differential scanning 

calorimetry. The microstructure observed using SEM 

proves that the PbS nanoparticles are well dispersed in 

the copolymer matrix. The X-ray diffraction 

measurements demonstrate that the PbS nanoparticles 

have a cubic rock salt structure. It was also found that 
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the inorganic semiconductor nanoparticles improve the 

thermal stability of the copolymer matrix. 

Y.H. Gad (2008) studied Radiation grafting of chitosan 

with 2-acrylamido-2methyl propane sulfonic acid 

(AMPS) has been successfully performed. The effect of 

absorbed dose (kGy) and the chitosan : AMPS ratio on 

graft hydrogelization was studied. The structure of the 

prepared hydrogel was confirmed using infrared 

spectroscopy (IR). Thermal properties were 

simultaneously studied by thermogravimetric analysis 

(TGA).  The effect of the polymerization variables on 

the swelling % of the prepared hydrogel was 

investigated. The highest equilibrium degree of swelling 

(38.6 g/g) and gel % (94.7%) of the prepared chitosan–

AMPS hydrogel was at 40% AMPS and absorbed dose 

of 10 kGy. The removal of methylene blue, acid red dye, 

Cd (II) and Cr (III) from composed wastewater was also 

investigated. The effect of pH, thechitosan : AMPS ratio 

and the concentration of the pollutant on the adsorption 

process were studied. 

Fusheng Pan et al., (2008) studied a series of composite 

hollow fiber membranes, poly (acrylic acid-co-2-

acrylamido-2-methyl-1-propane sulfonic acid) (P(AA-
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AMPS))–poly(vinyl alcohol) (PVA) membranes as skin 

layers and polysulfone (PS)  hollow fiber membranes as 

support layers, were prepared for dehumidification of 

propylene gas. The chemical and physical structures, 

including inter-components interaction, crystallinity, 

glass transition temperature and free volume of the 

membranes, were systematically characterized. Through 

the sorption experiments, it was found that the 

membrane exhibited a preferential sorption toward 

water, and initially the water sorption increased 

remarkably with P (AA-AMPS) content increasing, 

afterwards reached the zenith, and then decreased 

rapidly. Dehumidification performance showed that the 

membrane containing 50 wt. % P (AA-AMPS) exhibited 

the highest presence of 363 GPU and an infinite 

separation factor for 0.5 wt.% water in feed at 298 K. 

Presence decreased considerably with increasing 

operating temperature,  but increased considerably with 

increasing water content. 

EL-HAG et al., (2006) studied a new electro active 

polymeric material was synthesized by gamma radiation 

induced copolymerization of 2-acrylamido-2-methyl 

propane sulfonic acid (AMPS) and acrylic acid (AAc). 
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The prepared copolymer hydrogels were characterized 

by studying their swelling behavior in response to the 

environmental conditions such as pH and ionic strength. 

The electro active characteristics of AMPS/AAc hydro   

gels were evaluated by investigating their swelling rate, 

deswelling behavior, and bending behavior under the 

influence of the applied electric field. The effects of 

copolymer composition, applied voltage and ionic 

strength on the electro active characteristics of the 

prepared AMPS/AAc were also studied. The results 

show that the electro active characteristics increased by 

increasing AMPS content in the copolymer, ionic 

strength as well as applied voltage.  Meanwhile, electro 

active property decreases by the increase of AAc content, 

as well as crosslinking density. The possibility of using 

the prepared hydrogel as a carrier for electric controlled 

drug delivery systems was examined by measuring the 

release of the ophylline in response to the application of 

the electric field. The release of drugs showed complete 

dependence on the application of the electric field. 

Tung-Sheng Liao et al., (2005) investigated the effects 

of a carboxylic acid/sulfonic acid copolymer (PMAMP) 

on the properties of mortars or concrete made with Type 
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I Portland cement were investigated. PMAMP was 

prepared from methacrylic acid and 2-acrylamido-2-

methylpropane sulfonic acid (AMP) in a basic condition 

through a free radical polymerization. The results 

indicate that PMAMP with the AMP content of 20–60%, 

and a weight-average molecular weight (MW) of about 

5_104, is effective in dispersing cement particles and the 

resulting mortars or concrete show good fluidity or 

workability. Besides, PMAMP with higher molecular 

weigh is more capable of maintaining the workability 

along with elapsed time. Compared with a commercial 

sulfonated naphthalene formaldehyde superplasticizer 

(SNF), PMAMP appears to be more effective in 

promoting concrete workability and preventing the 

slump loss. Finally, concrete incorporated with different 

PMAMPs at W/B=0.28 shows similar compressive 

strength-developing behavior and meets the designed 

strength value and they indicated that indicate that this 

polymer with the AMP content of about 20–60%, and a 

weight average molecular weight of about 5_104 is 

effective in dispersing cement particles and improving 

the fluidity of mortars and the workability of concrete 

made with Type I Portland cement. Moreover, PMAMP 
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with higher molecular weight is more capable of 

preventing slump loss. Compared with SNF, PMAMP 

appears to be more effective in enhancing and 

maintaining concrete workability. This is because 

PMAMP molecules contain both carboxylic acid groups 

and sulfonic acid groups, and their molecular weights 

are higher. Finally, concrete incorporated with different 

PMAMPs at W/B=0.28 shows similar strength-

developing behavior and the achieved compressive 

strength is close to each other. 

A composite material of nano-sized SiO2 and poly (2-

acrylamido-2-methylpropa sulfonate) poly (AMPS)) was 

used by Pi-Guey Su and Wen-Yuan Tsai (2004) to 

make a humidity sensor. The infrared (IR) spectra and 

microstructure of the material were analyzed, and the 

humidity sensing and electrical properties of the sensor 

were measured. The sensor well responded to humidity 

with a relative good linearity, though it depended on the 

applied frequency. The temperature influence between 

15 and 35 
o
C was 0.71 and 0.15% RH/◦C at 30 and 90% 

RH, respectively. The sensor showed a negligible 

hysteresis and fast response time upon humidification 

and desiccation. The stability of the sensor in a highly 
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humid and alcoholic environment increased with 

increasing the SiO2 content. The activation energy for 

conduction reduced with water adsorption. The different 

impedance plots observed at low and high relative 

humidity suggested different sensing mechanisms of the 

SiO2/pol (AMPS) composite material 

Gundogan. N et al., (2003) studied modulus of 

elasticity of highly charged N-isopropyl acrylamide 

(NIPA) based hydrogels (PNIPA) are measured at 

various swelling degrees in water. The sodium salt of 2-

acrylamido-2-methylpropane sulfonic acid (AMPS) was 

used as the ionic co monomer of NIPA in the hydrogel 

preparation. The mole fraction of AMPS in the co 

monomer feed was varied between 0 and 1, while the 

cross linker ratio was fixed at 1/85. The elasticity data 

show that the equilibrium swollen PNIPA hydrogels are 

in the non-Gaussian regime. Equations were derived 

based on the inverse Langevin function for the swelling 

ratio and the modulus of highly charged PNIPA 

hydrogels and checked by experiments. Results of 

calculations show good agreement to the swelling and 

elasticity data of highly swollen PNIPA gels. 
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Laura Carbajal et al., (2003) utilized the modification 

of polymers by radiation grafting for several decades. 

The penetrability of gamma rays allows modifying the 

internal surfaces of porous materials retaining its 

mechanical properties. In recent years applications of 

these materials to obtain chromatographic supports and 

biocatalysts have been reported. They described the 

grafting of glycidyl methacrylate (GMA) onto a 

macroporous polysulfone polymer. Reproducible 

amount of grafting, from 10% to 60% was obtained by 

choosing favorable monomer concentration and gamma 

radiation doses from 6 kGy up. Afterwards, 

iminodiacetic acid (IDA) and amino phenyl arsine oxide 

(PAO) were covalently attached to the grafted polyGMA, 

in correspondence with the grafting degree.  

Gancarz et al., (2003) prepared Polysulfone films were 

modified by ammonia, n-butylamine and allylamine 

remote plasma using various sample-toplasma distances. 

Contact angle measurements, FTIR-ATR and XPS 

spectroscopy proved the presence of polar, including 

amine, groups on the modified surface. Presence of 

argon in the plasma environment made the plasma more 

stable and in most cases left the surface more 
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hydrophilic but with a lower amount of nitrogen 

moieties on it. Glucose isomerase was successfully 

immobilized on the plasma-treated samples. Its activity 

correlates well with the concentration of C–N bonds on 

the surface. The highest enzyme activity was achieved 

for samples treated with allylamine/Ar plasma close to 

the plasma edge 

II.2.Review article of Enzyme immobilization 

 

Since the second half of the 20th Century numerous 

efforts have been devoted to the development of 

insoluble immobilized enzymes for various applications.  

There are several benefits of using immobilized 

enzymes rather than their soluble counterparts: first, the 

reusability with the aim of reducing the production cost 

by efficient recycling and control of the process; second, 

as stable and reusable analytic devices for analytic and 

medical applications; third, as selective adsorbents for 

purification of proteins and enzymes; fourth, as 

fundamental tools for solid-phase protein chemistry; and 

fifth, as effective micro devices for controlled release of 

protein drugs. Linqiu Cao (2005)  

Yoon-seok song et al., (2013) studied, the commercially 

available whey was used as a lactose source, and 
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immobilized β-galactosidase and glucose isomerase 

were used to synthesize lactulose from whey lactose in 

the absence of fructose. Optimal reaction conditions, 

such as lactose concentration, temperature, ionic 

strength of the buffer, and ratio of immobilized enzymes, 

were determined to improve lactulose synthesis using 

immobilized enzymes. Lactulose synthesis using 

immobilized enzymes improved markedly after 

optimizing the reaction conditions. When the lactulose 

synthesis was carried out at 53.5 °C using 20% (w/v) 

whey lactose, 12 U/ml of immobilized β-galactosidase 

and 60 U/ml of immobilized glucose isomerase in 

100 mM sodium phosphate buffer at pH 7.5, the 

lactulose concentration and specific productivity were 

7.68 g/l and 0.32 mg/U h, respectively Additionally, 

when the immobilized enzymes were reused for 

lactulose synthesis, their catalytic activity was 57.1% 

after 7 repeated uses. Ca-alginate beads were then 

coated with silicate. Enzyme loading efficiency and 

immobilization yield for silicate coated beads was 

determined as 98.1% and 71.27%, respectively and 

compared with non-coated ones which were 68.5% and 

45.80%, respectively. Surface morphologies, structure 
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and elemental analysis of both silicates coated and non-

coated alginate beads were also compared using Fourier 

Transform Infrared Spectroscopy (FT-IR) and Scanning 

Electron Microscope (SEM) equipped with Energy-

dispersive X-ray spectroscopy (EDX). Moreover, 

silicate coated alginate beads enhanced reusability of 

esterase in continuous processes compared to non-

coated beads. The hydrolytic properties of free and 

immobilized enzyme in terms of storage and thermal 

stability as well as the effects of the temperature and pH 

were determined. It was observed that operational, 

thermal and storage stabilities of the esterase were 

increased with immobilization. 

Xinyang Li et al., (2010) reported a new way for 

enzyme immobilization was explored and properties of 

the enzyme immobilized on different polymer films 

were investigated. In the process, a polystyrene-based 

diazonium salt (PS-DAS) was synthesized and used as 

molecular adhesive to immobilize b-glucosidase on the 

polymeric supports (films of polyethylene 

polypropylene and poly (ethylene terephthalate)). The 

immobilization of b-glucosidase on the polymer surfaces 

was achieved by sequential depositions of a piece of the 
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polymer films in PS-DAS and the enzyme solutions. The 

surface modification was investigated by X-ray 

photoelectron spectroscopy (XPS), water contact angle 

measurement, and atomic force microscopy (AFM). The 

activity of the immobilized b-glucosidase was evaluated 

by measuring its enzymatic activity to the hydrolysis of 

p-nitrophenyl-b-D-glucopyranoside (pNPG). The 

optimized reaction conditions (such as pH and 

temperature), thermal stability, and reusability of the 

immobilized enzyme on PE films were assayed by using 

the enzyme-catalyzed reaction. Results show that the 

polymeric diazonium salt is firmly adhered on the 

polymer surfaces and the modified surfaces can react 

with the enzyme to form covalent bonds. The 

immobilized enzyme shows changes in the optimized 

pH and temperature for the hydrolysis reaction catalyzed 

by b-glucosidase. The kinetic parameter (Km) of the 

immobilized b-glucosidase is lower than that of its free 

counterpart. The immobilized enzyme shows significant 

enhancement in the thermal stability and reasonable 

reusability. 
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Sotiria D. Psom et al., (2010) studied the present work 

investigates the utilization of the widely used SU-8 

photoresist as an immobilization matrix for glucose 

oxidase (GOx) for the development of glucose micro-

biosensors. The strong advantage of the proposed 

approach is the simultaneous enzyme entrapment during 

the micro fabrication process within a single step, which 

is of high importance.. Films without enzyme showed 

negligible variation in current upon the addition of 

glucose, as opposed to films with encapsulated enzyme 

which showed a very clear increase in current. 

Experiments using films of increased thickness or 

enzyme concentration, showed a higher response.  

Gang Wang, Zhen et al., (2009) reviewed that enzyme 

immobilization has attracted continuous attention in the 

fields of fine chemistry, biomedicine, and biosensor. 

The performance of immobilized enzyme largely 

depends on the structure of supports. Nano structured 

supports are believed to be able to retain the catalytic 

activity as well as ensure the immobilization efficiency 

of enzyme to a high extent. Electro spinning provides a 

simple and versatile method to fabricate nano fibrous 

supports. Compared with other nanostructured supports 
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(e.g. mesoporous silica, nanoparticles), nanofibrous 

supports showmany advantages for their high porosity 

and interconnectivity. 

Spahn and Shelley D. Minteer (2008) reviewed that 

enzymes are proteins that catalyze chemical reactions. 

Unlike more traditional organic and inorganic catalysts, 

Enzymes are large and fragile molecules, so over the 

years, scientists and engineers have found it more 

difficult to immobilize enzyme catalysts on easily 

separateable supports for use and re-use in a variety of 

technologies. Over the last decade, enzyme 

immobilization has become more important in industry, 

medicine, and biotechnology, and they reviewed the  

recent patents for techniques for enzyme immobilization, 

along with patents for chemical and biotechnological 

processes that can employ immobilized enzymes, which 

allow for the re-use of the enzymatic catalysts. These 

techniques include methods varying from physical 

adsorption and covalent attachment to entrapment in 

polymers and sol-gels. These techniques have shown 

value in the development of biosensors, bioprocessing 

for the chemical industry and the pharmaceutical 

industry, and bioremediation. 
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Zhen-GangWang et al., (2008) studied enzyme 

immobilization has attracted continuous attention in the 

fields of fine chemistry, biomedicine, and biosensor. 

The performance of immobilized enzyme largely 

depends on the structure of supports. Nano structured 

supports are believed to be able to retain the catalytic 

activity as well as ensure the immobilization efficiency 

of enzyme to a high extent. Electro spinning provides a 

simple and versatile method to fabricate nano fibrous 

supports. Compared with other nano structured supports 

(e.g. meso porous silica, nano particles), nano fibrous 

supports show many advantages for their high porosity 

and interconnectivity, and discussed the recent advances 

in using nano fibers as hosts for enzyme immobilization 

by two different methods, surface attachment and 

encapsulation. Surface attachment refers to physical 

adsorption or covalent attachment of enzymes on 

pristine or modified nano fibrous supports, and 

encapsulation means electro spinning a mixture of 

enzyme and polymer .We make a detailed comparison 

between these two immobilization approaches and 

highlight their distinct characteristics. The prospective 

applications of enzyme immobilized electrospun 
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nanofibers in the development of biosensors, biofuel 

cells and biocatalysts are also discussed. 

Jianbo Chen et al., (2004) investigated the whole cells 

of Methanotrophic bacteria Methylomonas sp. strain 

GYJ3 immobilized by the sol–gel technique was 

investigated in the present work. After the cells were 

immobilized by entrapment in sodium silicate sol–gel 

matrix, higher activities for propylene epoxidation were 

observed at a common loading amount. In a batch 

reaction system, the immobilized cells can be repeatedly 

used for more than 25 times and no significant loss of 

the activity was found. The activity was well preserved 

when the immobilized cells were stored at 4 °C for 45 

days. Determination of optimal reaction conditions 

showed that the immobilized cells took on increased 

activity at a higher pH and temperature. However, the 

cells entrapped in methyl trimethoxysilane (MTMS) gel 

matrix gave a lower activity as compared to that of the 

free cells. Our experimental results indicate that the sol–

gel entrapment based on silica matrixes was a simple, 

efficient and cost-efficient method for the 

immobilization the whole cells of Methylomonas sp. 

strain GYJ3 cells. 
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Géraldine Drevon (2002) developed strategies to 

immobilize enzymes into various polymer and coatings. 

Three categories of bio plastic matrices were 

investigated. The first type of bio plastics was prepared 

by irreversibly incorporating diiso propyl fluoro 

phosphatase (DFPase) into polyurethane (PU) foams. 

The resulting bio plastic retained up to 67 % of the 

activity for native enzyme. The thermo stability of 

DFPase was highly affected by the immobilization 

process. Unlike native enzyme, immobilized DFPase 

had biphasic deactivation kinetics. Our data 

demonstrated that the initial rapid deactivation of 

immobilized DFPase lead to the formation of a hyper-

stable and still active form of enzyme. 

Peter et al., (1993) reported that complete design of the 

optimum immobilized biocatalyst seems to still be a 

matter of the future. To be successful, it would require 

numerical determination of all significant parameters at 

each enzyme engineering phase that is at the design of 

the carriers, immobilized biocatalysts and immobilized 

reactors. Future research trends should follow this 

strategy. The reason for writing this review article was 

to test the reliability of such a processing and 



Chapter II                                                           Literature Review 

 

49 

 

subsequently, to confront theoretical considerations with 

practical applications of biocatalysts immobilized on 

cellulose materials. 

The immobilizations of some medically useful enzymes 

were studied by Kaetsu et al., (1980) by means of 

radiation- induced polymerization at 78°C. Glucose 

oxidase and glucose peroxidase were immobilized in the 

form of thin membranes inside polyvinyl chloride tubes 

and on polyethylene films; these membranes showed 

considerable activity yield, as well as good activity 

retention. Two effective methods were adopted to 

improve the surface properties of the base materials and 

to facilitate firm immobilization by coating: that is, an 

undercoating method followed by radiation curing of the 

undercoating and an irradiation grafting method with a 

monomer. Both were tested with good results. An 

immobilization of urokinase was also carried out 

successfully by similar methods. The thrombogenicity of 

the immobilized urokinase showed a remarkable effect 

on thrombus formation. 

 

III.3.Review article of Glucose isomerase (GI) 
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Dahai Yu et al., (2011) investigated the isomerization 

of glucose to fructose by immobilized glucose isomerase 

(IGI, produced from Streptomyces murinus and 

immobilized on silica) was conducted under two 

different conditions—microwave irradiation and 

conventional heating to compare their overall effects. It 

was found that compared with conventional heating, 

microwave irradiation significantly enhanced the 

activity of IGI and the effects of acceleration might be 

non-thermal microwave effect. Under the optimum 

conditions of microwave irradiation-assisted   

isomerization (magnesium ion concentration of 50mM, 

pH 7.5 phosphate buffered saline (PBS) buffer, 70 ◦C, 

microwave power of 480 W, agitation speed of 150 rpm, 

glucose concentration of 0.8M and 2% IGI based on the 

solution weight percentage), 45% yield of fructose could 

be achieved in 16 h, while only 43% yield of fructose 

was obtained until 24h by using conventional heating. 

These results indicated that microwave irradiation might 

be a fast and efficient method for enzyme-catalyzed 

isomerization of glucose to fructose. 

 Haitao Yu, et al., (2011) studied   Glucose isomerase 

(GI) from Streptomyces rubiginosus was immobilized 
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covalently onto GAMM support prepared by our 

patented inverse suspension polymerization with 

glycidyl methacrylate (GMA), ally glycidyl ether (AGE), 

N,N_-methylene-bis (acrylamide) (MBAA), and 

acrylamide (MAA), and used for isomerization of 

glucose to fructose. Effects of immobilization conditions 

and reaction conditions on the activity of immobilized 

GI, the kinetic parameters, the operational stability, 

thermal stability and storage stability of immobilized GI 

were investigated. The optimum immobilization 

conditions were GI addition amount of 0.3 ml GI/g 

support, immobilization time of 24 h, and 

immobilization temperature of 25 ◦C. The optimum 

reaction conditions were pH value of reaction solution 

of 7.5 and reaction temperature of 65 ◦C. The activity of 

immobilized GI was 450 U/g (wet). Km and Vmax 

values of immobilized GI were 1.16 mol/L and 1.07 × 

10
−3

 mol/L min, respectively. Immobilized GI onto 

GAMM support has better operational stability, thermal 

stability and storage stability, in which it retained 91% 

of its initial activity after recycled for 18 times and 

retained 97% of its initial activity after stored at 4 ◦C for 

six weeks. Therefore immobilized GI onto GAMM 
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support was an excellent catalyst for isomerization of 

glucose to fructose. 

Shuibo Hua and Aiqin Wang (2009) studied  a novel 

sodium alginate-g-poly(acrylic acid)/sodium humate 

superabsorbent was prepared by graft copolymerization 

with sodium alginate, acrylic acid and sodium humate in 

aqueous solution, using N,N’- methylene bisacrylamide 

as a cross linker and ammonium per sulfate as an 

initiator. The effects of cross linker, sodium alginate and 

sodium humate content on water absorbency of the 

superabsorbent were studied. The swelling behavior in 

solutions of various pH and the swelling kinetics in 

saline solutions (5 mmol/L NaCl and CaCl2) were also 

investigated. The results from IR analysis showed that 

both sodium alginate and sodium humate react with the 

acrylic acid monomer during the polymerization process. 

The introduction of sodium humate into the sodium 

alginate-g-poly(acrylic acid) system could enhance the 

water absorbency and the superabsorbent containing 10 

wt% sodium humate acquired the highest water 

absorbency Synthesis. 

Mahreen Matto and Qayyum Husain (2009) studied   

calcium alginate–starch hybrid gel which was employed 
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as an enzyme carrier both for surface immobilization 

and entrapment of bitter gourd peroxidase. Entrapped 

crosslinked concanavalin A–bitter gourd peroxidase 

retained 52% of the initial activity while surface 

immobilized and glutaraldehyde crosslinked enzyme 

showed 63% activity. A comparative stability of both 

forms of immobilized bitter gourd peroxidase was 

investigated against pH, temperature and chaotropic 

agent; like urea, heavy metals, water-miscible organic 

solvents, detergent inhibitors. Entrapped peroxidase was 

significantly more stable as compared to surface 

immobilized form of enzyme. The pH and temperature-

optima for both immobilized preparations were the same 

as for soluble bitter gourd peroxidase. Entrapped 

crosslinked concanavalin A–bitter gourd peroxidase 

showed 75% of the initial activity while the surface 

immobilized and crosslinked bitter gourd peroxidase 

retained 69% of the original activity after its seventh 

repeated use.  

Glucose isomerase (GI) from Streptomyces rubiginosus 

was immobilized by Seyhan Tukel .S and Alagoz  

(2008) covalently onto Eupergit C 250 L made by  

copolymerization of N,N-methylene-bis-methacrylamide, 
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glycidyl methacrylate, allyl glycidyl ether and 

methacrylamide. The catalytic efficiency of immobilized 

GI in isomerization of glucose to fructose was found as 

three fold higher than that of free GI. The residual 

activity of immobilized GI after 18 reuses in a batch 

type stirred reactor was about 85% of its initial activity. 

The thermal stability of immobilized GI was almost 

same with that of the free GI at 60 
o
C for 18 h pre 

incubation time. The residual activities of immobilized 

GI when stored at 5 
o
C and 25 

o
C for four weeks were 

72% and 69% of the initial activity, respectively. 

However, free GI retained 88% and 78% of its initial 

activity at 5 
o
C and 25 

o
C upon four weeks storage, 

respectively. Thus, the use of Eupergit C 250 L 

immobilized GI instead of free GI is suggested in 

enzymatic isomerization of glucose to fructose. 

Glucose isomerase enzyme was entrapped by 

TUMTURK et al., (2007) into modified and non-

modified calcium alginate gel beads. Various 

characteristics of free and immobilized enzymes such as 

the optimum pH, temperature and dependence of 

activity on storage and operational stability were 

evaluated. The optimum pH and temperature of free and 
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immobilized glucose isomerase were found to be the 

same values as 7.5 and 60 
o
C, respectively. For free and 

immobilized enzymes, kinetic parameters were 

calculated as 1.79 ,10.2 and 8.27 , 10.3 mol/L for Km, 

and 2.39 , 10.3 and 6.03 , 10.3 mol/L min for Vmax, 

respectively . After 42 days of storage at 4C, free 

enzyme retained 56% of its initial activity, while for the 

immobilized enzyme, this value was observed as 86%. 

The immobilized samples were used repeatedly 22 times 

by retaining more than 85% of their initial active. 

Demirel.G et al., (2006) studied Glucose isomerase 

(GI) which   was entrapped in three different hydrogels 

such as poly (acrylamide), semi-interpenetrating poly 

(acrylamide)/j-carrageenan . The values for pH optimum 

and temperature for free and immobilized glucose 

isomerase were found to be the same as 7.5 and 60 
o
C, 

respectively. The Km values for free and immobilized 

enzyme in poly (acrylamide), poly (acrylamide/j-

carrageenan) and poly (acrylamide)/alginate matrices 

were determined as 18.87, 1.22, 2.78, and 4.54 mg/mL, 

respectively, while the Vmax values for the same 

systems calculated as 2.51, 0.63, 0.72, and 0.82 mg/mL 

min, respectively. The storage stability values of 
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immobilized enzyme systems were observed as 81%, 

33% and 32%, respectively, after 42 days. In addition to 

this, it was observed that, after 25
th

 use in 5 days, the 

retained activities for immobilized enzyme in 

poly(acrylamide), and semi-interpenetrating polymer 

networks of poly(acrylamide) /j-carrageenan and 

poly(acrylamide)/alginate matrices were found as 98%, 

71% and 72%, respectively. 

Berrisford .J. M et al., (2006) investigated that the 

enzymatic aldose ketose isomerisation of glucose and 

fructose sugars involves the transfer of a hydrogen 

between their C1 and C2 carbon atoms and, in principle, 

can proceed through either a direct hydride shift or via a 

cis-enediol intermediate. Pyrococcus furiosus phosphor 

glucose somerase (PfPGI), an archaeal metallo enzyme, 

which catalyses the inter conversion glucose 6-

phosphate and fructose 6-phosphate, has been suggested 

operate via a hydride shift mechanism. In contrast, the 

structurally distinct nPGIs of eukaryotic or bacterial 

origin are thought to catalyse isomerisation via a cis-

enediol intermediate. We have shown by NMR that 

hydrogen exchange between substrate and solvent 

occurs during the reaction catalysed by PfPGI 
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eliminating the possibility of a hydride -shift-based 

mechanism. In addition, kinetic measurements on this 

enzyme have shown that 5-phospho-D-

arabinonohydroxamate, a stable analogue of the putative 

cis-enediol intermediate, is the most potent inhibitor of 

the enzyme yet discovered. Furthermore, determination 

and analysis of crystal structures of PfPGI with bound 

zinc and the substrate F6P, and with a number of 

competitive inhibitors, and EPR analysis of the 

coordination of the metal ion within PfPGI, have 

suggested that a cis-enediol intermediate-based 

mechanism is used by PfPGI with Glu97 acting as the 

catalytic base responsible for isomerization. 

Eduardo. A et al., (2005) a paper deals with the 

production of high-fructose syrup (HFS) from glucose 

isomerization using reactive simulated moving bed 

technology.  The reversible reaction is catalyzed by the 

immobilized enzyme glucose isomerase. In a simulated 

moving bed reactor (SMBR), reaction and separation 

processes can be coupled to achieve complete reactant 

conversion. The isomerization kinetics is experimentally 

determined at 328K by the Lineweaver–Burk technique. 

Basic adsorption data for the sugar isomers (glucose and 
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fructose) were obtained with cationic exchange resin as 

adsorbent. A mathematical model based on the analogy 

with true moving bed reactor and its numerical solution 

based on finite volume method were used for the 

prediction of the behavior and performance of a SMBR.  

Barbara, (2004), introduced review of the literature on 

enzymes immobilized on chitin- and chitosan-based 

materials, covering the last decade. Many immobilized 

enzymes for multiplicity of applications ranging from 

wine, sugar and fish industry, through organic 

compounds removal from wastewaters to sophisticated 

biosensors for both in situ measurements of 

environmental pollutants a metabolite control in 

artificial organs.  

Kourkoutas.,(2004) reviewed the various supports and 

immobilization techniques have been proposed and 

tested for application in wine-making, cider-making, 

brewing, distillates, potable alcohol and novel beverages 

production. Immobilization applications suitable for use 

by these alcohol related industries are described together 

with an evaluation of their potential future impact, 

which is also highlighted and assessed. Topics in 

process engineering including immobilized cell 
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bioreactor configurations and the scale-up potential of 

the various 66 immobilization supports and techniques 

were also discussed.  

J. Chen et al., (2004) investigated the whole cells of 

Methanotrophic bacteria Methylomonas sp. strain GYJ3 

immobilized by the sol–gel technique was investigated 

in the present work. After the cells were immobilized by 

entrapment in sodium silicate sol–gel matrix, higher 

activities for propylene epoxidation were observed at a 

common loading amount. In a batch reaction system, the 

immobilized cells can be repeatedly used for more than 

25 times and no significant loss of the activity was 

found. The activity was well preserved when the 

immobilized cells were stored at 4 ◦C for 45 days. 

Determination of optimal reaction conditions showed 

that the immobilized cells took on increased activity at a 

higher pH and temperature. However, the cells 

entrapped in methyltrimethoxysilane (MTMS) gel 

matrix gave a lower activity as compared to that of the 

free cells. Our experimental results indicate that the sol–

gel entrapment based on silica matrixes was a simple, 

efficient and cost-efficient method for the 
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immobilization the whole cells of Methylomonas sp. 

strain GYJ3 cells. 

Yubin Ge et al., (1999) Glucose isomerase was 

immobilized by itself with adsorption and co 

immobilized with glucoamylase by molecular deposition 

technique using macroporous trimethylamine 

polystyrene beads. Approximately 77.5% of the enzyme 

added was immobilized. The pH-activity curve of the 

immobilized glucose isomerase was broadened, 

resulting in 75% retention of its maximum activity at pH 

6.2. The Km of the immobilized glucose isomerase was 

1.28-fold that of the soluble one. When the two enzymes 

were immobilized together, the system was found 

capable of functioning at pH 6.0 to produce fructose 

from starch and dextrin. At this pH, the total fructose 

output of the co immobilized enzyme system after 24 h 

was 1.9 times that of the free enzyme system. 

Ciarán Ó’Fágáin (2003) reviewed an article surveys 

the enzyme stabilization literature since 1997, focusing 

on protein engineering and chemical modification. 

Within protein engineering, directed evolution strategies 

have yielded notable successes. Polypeptide chain 

extensions, manipulation of chimeric proteins and 
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rational design have also led to stability gains. Chemical 

modification, as manifested in cross linked enzyme 

crystals (CLECs), covalent attachment of polymers and 

surface modification, remains useful. Inactivation 

models, stabilizing additives have received much 

attention elsewhere, recent reviews are merely indicated. 

Immobilized proteins are not considered; neither is the 

computational design or prediction of protein stability. 

Case studies focus on enzymes used or potentially useful, 

in industrial processes or in biosensors. Examples 

include peroxidases, phospholipase, cellulase, phytase, 

luciferase, bacterial proteases, amylase and glucose 

isomerase (GI), among others. 

Dadvar Mitra et al., (2001) investigated the 

Immobilized glucose isomerase which is used widely for 

converting glucose to fructose by enzymatic 

isomerization. The process takes place in a packed-bed 

reactor consisting of micro porous particles with 

distributed pore sizes and interconnectivities. The 

efficiency of the process is, however, significantly 

affected by deactivation of the micro porous particles. 

Although various mechanisms of the deactivation 

process have been proposed in the past, the role of the 
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morphology of the particles and the packed bed has not 

been studied, as all the previous attempts for modelling 

this phenomenon have used a continuum formulation of 

the problem based on the classical equations of mass 

transport and reaction, without any regard for the effect 

of the pore space morphology. 

Lee and Hong (2000) investigated the substrate 

specificity of immobilized D-glucose isomerase (EC 

5.3.1.5 with an immobilized enzyme-packed reactor. A 

series of isomerization experiments and equilibrated D-

glucose solutions indicates substrate specificity of the 

glucose isomerase at pH 7.5 and 60°C. For substrate 

concentration of 0.028 mol\l (1% w: v), and the initial 

conversion rate of a-D-glucose was 43% higher than that 

with equilibrated glucose at the same concentration and 

113% higher than -D-glucose conversion rate. 

The influence of enzyme immobilization on the main 

thermodynamic quantities of glucose isomerization to, 

fructose and vice versa was studied   by Converti and 

Del Borghi (1997) in batch tests by using a commercial 

immobilized glucose isomerase. The values calculated, 

for the immobilized system showed, when compared 

with those reported for the native enzyme higher 
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equilibrium constants at T > 70°C and simultaneous 

increases in both standard enthalpy and entropy changes 

of reaction. Activation enthalpy and entropy changes of 

both forward and reverse enzyme-catalyzed reactions 

were calculated from the initial glucose isomerase 

activity evaluated at different temperatures by the 

Briggs-Haldane model. The activation enthalpy of the 

forward reaction was about 24% less than that of the 

native enzyme. Enzyme inactivation tests performed at 

different temperatures and sugar equilibrium 

concentrations confirmed the existence of the so-called 

substrate protection phenomenon which resulted in a 29-

36Yc reduction in the decay constant.  
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  CHAPTER III 

EXPERIMENTAL 

III.1. MATERIALS 

Glucose isomerase (E.C.5.3.1.5) was purchased from 

Genencor International Company, Germany. 2-

Acrylamido-2-methyl-propane-sulphonic acid (AMPS) 

and acrylic acid (AA), purity 99% and Sodium 

phosphates dibasic and sodium phosphate monobasic 

were purchased from Sigma-Aldrich, USA. N, N’-

Methylene-diacrylamide (MBAA) was provided by 

Merck Chemicals, Germany. Magnesium sulfate was 

purchased from ADWIC, Egypt. The other chemicals 

such as, solvents, inorganic salts, acids and other 

reagents were reagent grade and used without further 

purification.  

III.2. Preparation of P (AA-co-AMPS) and P (AA) 

hydrogels:-  

 The copolymer hydrogels were obtained using - rays 

produced from gamma cell available in NCRRT, AEA, 

Cairo, Egypt. Radiation induced copolymerization of 20 

weight% aqueous comonomer solutions of different 

compositions.The solutions were mixed well, transferred 

into small glass vials then irradiated from a 
60

Co source 
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at a dose rate about 5.5 kGy/hour,and different total dose 

that  ranged from 5 to 50 kGy. The irradiation process 

was performed in air, at room temperature. After 

copolymerization, the vials were broken and  the formed 

hydrogel cylinders were removed and cut into disks of 2 

mm thickness and 5 mm diameter. All samples were 

washed with excess water and soaked overnight in 

distilled water to remove the unreacted components, 

then air dried at room temperature up to constant weight. 

III.3. Swelling Measurements: 

The clean dried gels P(AA-co-AMPS) and P(AA) of 

known weight were immersed in distilled water at 25 °C 

until the equilibrium was reached 24 hours in almost 

cases. The gels were removed, blotted quickly with 

absorbent paper and then weighed. The percent of water 

uptake was calculated as follows (1) :-  

                                                                                                 

Swelling degree (%) = 
0

0

W

WWS  100            

  

where Ws and W 0 are the weights of the swollen and dry 

hydrogels, respectively. 
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III.3.2. Swelling at various pH values 

0.5 g of the dried hydrogel was immersed  in individual 

solutions with acidic and basic pH values  that  prepared 

and  precisely checked by a pH meter (ORION EA 940) 

then the swelling  measurements were conducted  after 

the equilibrium was attained  according  to Eq. (1). 

III.3.3.Swelling in salt solutions 

Water absorbent capacity of hydrogels was determined 

in various saline solutions (NaCl ) with different 

concentrations according to the above method described 

in Section III .3.     

III.4. Gel fraction:- 

 The gel content (fraction) in the dried samples was 

estimated by measuring its insoluble part after extraction 

in distilled water for 18 h at 80 
o
C to remove the soluble 

part, then they were taken out, dried and weighed. The 

gel fraction was calculated according to Eq. (2). The 

ratio of the remaining mass of insoluble material  to 

original mass was defined as Gel (%) as follows: 

         (2)                                                   

III.5. Thermogravimetric Analysis (TGA) 

TGA studies on the samples were carried out on a 

Perkin-Elmer Pyris 6 TGA system. The thermograms 
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were obtained under a nitrogen atmosphere at a constant 

rate of about 20mL/minute  to prevent thermal oxidation 

processes of polymer samples at a uniform heating rate 

of 10 
o
C/minute  in the temperature range 30 - 600

 o
C. 

The relative thermal stability of the samples was 

evaluated in terms of decomposition temperature. 

III..6. Immobilization of glucose isomerase into P 

(AA) and P (AA-co-AMPS) hydrogels:- 

 Briefly immobilization procedure, 20 mg GI/ml  and 0.3 

(wt% ) of MBAA as a cross linking agent added to 20 

ml of the AA-co-AMPS (20 wt %)   in phosphate  buffer  

solution at pH value 7.5 ,the mixture was subjected to 

Co
60 
-rays then the gel were cut into equal size discs. 

The immobilized enzyme was  then washed with sodium 

phosphate buffer and recovered by filtration. dried and 

then stored at 4 
°
C.  

III.7. Analytical techniques: 

Ultraviolet measurements (UV):- 

 Determination of the released amounts of protein and 

produced amounts of fructose was carried out at  480 nm 

and 520nm ,respectively, using JASCO V560 

Spectrophotometer (Japan) in the range from 200 nm to 

900nm.   
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III.7. 1 Determination of glucose isomerase activity:   

 The activity of immobilized glucose isomerase was 

assessed by measuring the concentration of fructose 

converted from glucose. The isomerization of glucose to 

fructose was carried out in a neck flask at the stirring 

rate of 150 rpm, in which 0.4 g immobilized GI or 1 mL 

free GI solution (20 mg GI/mL) was added into 20 mL 

reaction mixtures composed of 5 mL glucose solution 

(0.8M) , 14 mL phosphate buffer of 0.2 mol/L at pH 7.5, 

0.5 mL MgSO4 of 0.5 mol/L, and 0.5 mL CoCl2 of 0.01 

mol/L. The enzyme reaction was conducted at 65°C and 

150 rpm for 80 minute, after which 2 ml of 20% (v/v) 

HCl was added to the reaction mixture to stop the 

reaction. The fructose concentration was then measured 

by the HCl-resorcinol method, in which resorcinol forms 

a red-colored complex with d-fructose, which has 

maximal absorbance at 520 nm. One unit of enzyme 

activity (U) was defined as the amount of enzyme that 

catalyzed the conversion of 1 μmol of glucose into 

fructose per minute under the assay conditions described. 

Activity recovery was calculated as the ratio of the 

activity of immobilized enzyme to the activity of free 

enzyme, and was expressed as a percentage  
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III.7. 2 Determination of Protein Concentration 

Protein was determined by the use of Coomassie Blue G 

Dye. The Coomassie Brilliant Blue reagent was a 

solution containing 100 mg Coomassie Brilliant Blue, 

50 mL ethanol of purity 95% and 100 mL H3PO4 of 

concentration 85% dissolved in water and diluted to 

1000 mL.The amount of immobilized protein (GI) was 

determined according to the difference between initial 

protein concentration and released in buffer solution .  

III.8. Determination of Immobilization Efficiency 

The amount of protein i.e. the enzyme in the wash 

solutions was determined by using Coomassie Brilliant 

Blue as described by Read and Northcote, (1981). 

The amount bound enzyme was calculated to be: 

q =[(Ci - Cf ) X V]/W 

Where q is the amount of bound enzyme onto the gel 

(mg g
-1

), Ci and Cf are the concentrations of the enzyme 

initial and final in the reaction medium, respectively (mg 

g
-1

), V is the volume of the reaction medium (mL), and 

W is the weight of the gel (g). All data used in this 

formula are averages of at least duplicated experiments. 
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III.9. FTIR- Spectrophotometric Measurements: 

Analysis by IR was carried out using Jasco Fourier. 

Transfor Infrared spectrophotometer, Japan, The 

measurement was carried out in the region of wave 

number 4000 - 400 cm
-1

 . 

III.10. Effect of temperature:- 

Enzymes exhibit their maximum activities under certain 

conditions. A small change in pH, ionic strength or 

temperature of the medium may cause denaturation and 

loss of activity of the enzymes. T. Godjevargova et al. , 

( 2000) . 

The effect of temperature on the activities of free and 

immobilized GI was investigated in temprature range of  

40 
o
C to  80 °C. 

III.11..Effect of pH:- 

The effect of pH was studied at optimum temperature 

for free and immobilized enzyme by varying the pH in 

the range of  5-9 in order determine pH stability 1mL of 

free enzyme solution equivalent to  0.4gm immobilized 

enzyme was mixed with 5mL phosphate and acetate 

buffer of various pH values and allowed to pre-

incubated at 65 
°
C. The effect of pH on the activities of 
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free and immobilized GIs was assayed using a 0.8 M 

glucose solution in 20 ml  buffer solution.  

III.12. Reusability of immobilized glucose isomerase: 

 Reusability of immobilized glucose isomerase was 

investigated by using  the   immobilized glucose 

isomerase  sample which  put in  20mL of  reaction 

mixture at pH 7.5 and at 65
o
C and the reaction was 

allowed to continue for 80 min. The immobilized 

enzyme was removed immediately from the reaction 

mixture and fructose amount was determined. The same 

experiment using the same immobilized glucose 

isomerase sample was repeated 15 times within 15 days. 

III.13. Storage stability: 

    A stock solution of free GI and immobilized GI were 

stored at 4 
o
C and their residual activities were measured 

periodically for five weeks. 
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CHAPTER IV 

Results and Discussion 

IV-1 Polymer Network Preparation 

IV-1-1-Effect of irradiation dose and AA 

concentration on gel content of P(AA) and  P(AA-

co-AMPS):-  

The gel content of the irradiated P (AA-co-AAMPS) 

solution increases as the irradiation dose increase. 

This is mainly due to the fact that the average 

number of radicals per chain increases, thus the 

fraction of the chains incorporated in the network 

becomes higher, which means higher gel content. 

This can be mainly accounted for the large effects 

produced in gel content.  

AA is one of the monomers which were able to form 

hydrogel by crosslinking. This is due to the high 

affinity of AA to crosslinking through the formation 

of intra and \or inters molecular hydrogen bonding 

via COOH groups. To improve the gel properties to 

meet the demands for many practical applications, 

(AMPS) this was used to prepare P (AA-co-AMPS) 

copolymer network. 

The effect of irradiation dose and AA concentrations 

on the gel content of pure P(AA) hydrogel and P 
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(AA-co-AMPS) copolymer hydrogel of composition 

(75\25wt %) are given in figs (1) and (2). It can be 

seen from fig (1) that, the gel content increase with 

increasing irradiation dose for both enzyme carriers P 

(AA) and P (AA-co-AMPS) hydrogels.  

Figure (1): Effect of irradiation dose on gel (%)   for P(AA) 

and P(AA-co-AMPS) (75/25wt%) hydrogels , comonomer 

concentration; (20wt%)MBAA concentration  ( 0.3 wt %).           
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Figure (2):  Effect of AA concentration on Gel % of P 

(AA), irradiation dose; 20 kGy MBAA concentration; 

(0.3wt %). 
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although, the gel fraction  was found to be 95.2 % 

and 89.6% for  P(AA) and  P(AA-co-AMPS)  at a 

total dose of 20 kGy which is responsible for 

practical applications. 

The high gel fraction of hydrogels caused by 

increased irradiation dose as a result of higher degree 

of crosslinking into the polymer network, and so 

does the increase in AA concentration fig (2). 

IV-1-2 Effect of irradiation dose on swelling 

degree of enzyme carriers:- 

  Figure (3) shows the influence of irradiation dose 

on the swelling characteristics of P (AA) and P (AA-

co-AMPS) hydrogels in distilled water at room 

temperature ~ 25
o
C. It can be seen that the irradiation 

dose affects the swelling behavior of the hydrogels 

and considerable variation in the swelling capacity of 

hydrogels was noted when P (AMPS) is incorporated 

with P (AA). It is obvious that at a given irradiation 

dose, the order of swelling capacity values was P 

(AA- co-AMPS) hydrogel > P (AA) hydrogel. 
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Figure (3): Effect of irradiation dose on the swelling degree of 

P (AA) and P (AA-co-AMPS) in distilled water at room 

temperature, comonomer concentration; (20wt %), MBAA 

concentration ;( 0.3 wt %). 

Fig (3) shows that the decrease in swelling at high 

irradiation doses is attributed to the enhancement of the 

crosslinking process and as consequence; the diffusion 

and swelling properties are hindered by network 
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IV-1-3 Effect of various AA/AMPS compositions 

on the swelling percent:- 

Super absorbents are three-dimensional networks of 

hydrophilic polymers connected by chemical and/or 

physical crosslinking Kuang, et al., (2010). These 

networks are composed of homopolymers or 

copolymers and can absorb and hold a significant 

amount of water. Superabsorbents can be prepared 

with different functional groups such as carboxylic 

acid, amine, hydroxyl, amide and sulfonic acid 

groups Zheng, et al., (2010). These groups attached 

onto the polymeric networks can be tailored easily 

for a specific application, such as enzyme 

immobilization. 

Polymer gels are capable of undergoing dramatic 

volume changes in aqueous systems, at times 

swelling up to several hundred times their original 

size. Philippova et al., (1997). Water content is very 

important property for the practical applications of 

hydrogel. To determine the swelling behavior of the 

prepared hydrogels, the degree of swelling in 

distilled water as a function of time for samples with 

different P (AMPS) content was calculated and 
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illustrated in figures (4 and 5). As can be seen from 

fig (4) the degree of swelling increases with time to 

reach a certain limiting value (equilibrium swelling). 

The absolute value of equilibrium swelling increases 

as the content of P(AMPS) increases and the P 

(AMPS) hydrogel swells more than the hydrogel P 

(AA ) hydrogel fig.(5). The swelling degree 

increased with increasing AMPS content in the 

copolymer. And this was reported by Y.H. Gad 

(2008) This can be attributed not only to the presence 

of high amount of strong hydrophilic  gps (SO3H) but 

also to the gel content in the polymer network which 

decrease by increasing the AMPS content. 
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Figure (4): Swelling behavior of samples with different P 

(AA-co-AMPS) compositions as a function of time, 

Irradiation dose; 20kGy, comonomer concentration ;( 20wt %) 

(-●-)100%AA, (-○-)(AA/AMPS)(75/25), (-▼-)(AA/AMPS) 

(50/50),( -∆-)( AA/AMPS)(25/75)and (-■-)100%AMPS. 
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preparation of hydrogel which may be attributed to 

the more hydrophilic property of P (AMPS) 

compared to mainly crosslinked P(AA).  EL.Hag Ali 

A (2006) reported that the increase in the degree of 

swelling resulted from the increase in AMPS content 

due to increasing the osmotic pressure and charged 

repulsion within the hydrogels. 
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Figure (5):  Effect of different P (AA-co-AMPS) 

compositions on swelling degree at 25
o
C. Irradiation dose; 

20kGy, comonomer concentration; (20wt %).  
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IV-1-4 Effect of AA concentration on the swelling 

degree of P(AA)hydrogel:- 

Preweighted hydrogels were immersed in distilled 

water at different time intervals and the mass 

increase was recorded by weighting the soaked 

hydrogels after blot drying with filter paper to 

remove the excess water on the surface. 

The swelling (%) values as a function of time for P 

(AA) hydrogels with different concentrations were 

shown in fig (6) It is obvious that the degree of 

swelling increases with time for all hydrogels 

whatever the concentration of P (AA), as can be seen 

from the figure, all of the samples showed the similar 

swelling character and reached the equilibrium 

sorption in 24 h. It is also observed that the absolute 

values of swelling increases as the concentration of P 

(AA) increases up to (30 wt %) such behavior may 

be due to the increase in the ionic content of the 

hydrogel as the concentration of AA increases. 
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Figure (6): Effect of P (AA) concentration on swelling 

degree of P (AA) hydrogel; irradiation dose 20 kGy, 

temperature 25 
o
C. 

 (-●-)(5%),(-○-)(10%), (-▼-)(20%) ( -∆-)(30%) and (-■-

)(40%). 
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The increase of absolute values of swelling with 

increasing ionic monomer concentration of the 

hydrogel is expected due to the osmotic pressure 

exerted by counter-ions of P (AA) Xiuyu Li et al., 

(2006). The decrease in the absolute values of 

swelling for AA concentration of 40 wt % is 

attributed to the formation of network structure. 

 The above results indicated that the hydrophilic 

nature of the hydrogels increases leading to an 

increase in the water absorbing capacity. The 

increase in the hydrophilicity of the hydrogel is 

expected to increase its ability toward the substrate. 

IV-1-5 Effect of pH on the degree of Swelling:-  

Degree of swelling (%) was examined at different pH 

values for the two enzyme carriers, P (AA) and P 

(AA-co-AMPS) hydrogels, and the results are shown 

in figure (7).As can be seen from the figure the 

samples showed different swelling character and as 

expected P (AA-co-AMPS) posses more hydrophilic 

character than P (AA) hydrogel at all tested pH 

values. It was because that the P (AMPS) introduced 

as the second monomer is more hydrophilic than that 

of P (AA). The SO3H and NH2 groups of AMPS and 
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-COOH groups in AA are responsible for such 

hydrophilicity. 

Figure (7): Effect of pH on the swelling degree of P (AA) 

and P (AA-co-AMPS) (75/25wt %), at 25
o
C, irradiation dose; 

20kGy. 

 

As can be seen in figure (7) maximum swelling was 

achieved at pH value of 7 for both hydrogels P(AA) 

and P(AA-co-AMPS), however, another maximum 

was observed at pH value of 3 for P(AA-co-AMPS)  

pH

0 2 4 6 8 10

sw
e
ll

in
g

 d
e
g

r
e
e
(%

)

0

500

1000

1500

2000

2500

AA

(AA-co-AMPS)



Chapter IV                                            Results and Discussion 

 

86 

 

the same results were reported by EL.Hag Ali 

A .(2006). 

The sharp increment in the equilibrium swelling 

above pH value of 2 for P (AA-co-AMPS) hydrogel 

may be attributed to the complete ionization of the 

strong acidic SO3H gps.  The decrease in the swelling 

degree at pH value higher than 3 for P (AA-co-

AMPS) may due to the change in ionic strength 

accompanied by changing the medium from an 

aqueous HCl solution to 0.2M citrate buffer solution. 

The slight increment in the swelling degree at pH 

values above 4 to 7 is attributed to the dissociation of 

-COO
-
 gps of AA within the hydrogel networks.  

Because the ionic repulsion of carboxylic ions -COO
-
 

of P (AA) at pH 7, above its PKa (4.7) , it induced 

the significant increase of water uptake, meanwhile, 

under its PKa the protonation of carboxyl groups of 

P(AA ) can reduce the water uptake. 
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IV-1-6 Effect of ionic strength on the swelling 

degree of two enzyme carriers:- 

To study the effect of ionic strength on the 

equilibrium swelling of P(AA) and P(AA-co-AMPS)  

hydrogels, the hydrogel was allowed to swell in 

aqueous NaCl solutions at pH 7 and of various 

electrolyte concentrations i.e., various ionic strength.     

Figure (8) shows the relationship between the ionic 

strength of the solution and the equilibrium swelling 

of the prepared hydrogels. It is obvious that the 

equilibrium swelling is highly dependent on the ionic 

strength of the medium. The increase in the ionic 

strength leads to a decrease in the swelling degree of 

the hydrogels.  
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Figure (8):  Effect of ionic strength (M) on the swelling 

degree of P (AA) and P (AA-co-AMPS) (75/25wt %), at 25
o
C, 

irradiation dose; 20kGy. 
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affects their swelling ability. The mobility of counter 

ion depends on the degree of ionization of the 

electrolytes.  The swelling of the absorbents in saline 

solutions was appreciably decreased comparing to 

the values measured in deionized water. This well-

known phenomenon, commonly observed in the 

swelling of ionic hydrogels Yan Bao et al., (2011)  

is often attributed to a charge screening effect of the 

additional cations causing a non-perfect anion–anion 

electrostatic repulsion, led to a decreased osmotic 

pressure (ionic pressure) difference between the 

hydrogel network and the external solution. The 

higher the ionizing degree of solute, the higher the 

immovable counter ion. Sodium chloride is a fully 

ionized salt; this may cause the variation in the 

reduction of the copolymer swelling degree. 
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Table (1):- Thermal   gravimetric  analysis 

 

P(AMPS) P(AA-co-AMPS) 

(75/25%wt %) 

P(AA) Weight loss 

(%) 

 

192.6 224.8 232 

 

10 

 

226.6 267.2 264.6 20 

 

253.5 303.2 286.6 30 

 

279.9 382.7 300.7 40 

 

303.1 423.6 321.8 50 

 

375.5 471.2 377.7 60 

 

427 570.8 427.9 70 
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Figure (9): Thermal stability of AA, AMPS, and AA-co-

AMPS (75/25wt %) hydrogels 
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IV-2 Protein i.e. (Enzyme) Releasing Studies: 

IV-2-1 Effect of P (AA) concentration and P (AA-

co-AMPS) composition on protein release and gel 

content:- 

The effect of AA\AMPS composition on protein 

release and gel content was investigated and shown 

in fig. (10,11) It can be seen that the amount of 

released protein from P (AA-co-AMPS) hydrogels 

increased with increasing AMPS content i.e. , the 

decrease of AA content to reach  a limiting value,  

there- after  it  increases rapidly at AMPS content of 

30 wt % at which the releasing protein amount is 

1.67%, fig(10). According to Y.H. Gad (2008) 

gelation degree decrease as the amount of AMPS 

increase due to the formation of heterogenous 

solutions that may lead to less mobility of 

macromolecules, which` may make it difficult to 

recombine with each other, leading to a lower 

reaction yield. 

The protein release amount increased with the 

increase of AMPS content due to the chain relaxation 

of hydrogel networks, leading to the protein release 

from the hydrogel matrix into the medium fig (10). 
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Figure (10): Effect of AMPS concentration on the amount 

of releasing protein from P (AA-co-AMPS) hydrogel at 25
o
C, 

in phosphate buffer solution at pH; 7.5.  
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Figure (11): Effect of copolymer composition upon 

gelation degree of P (AA-co-AMPS) copolymer 

concentration; 20wt %, irradiation dose; 20kGy. 
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The interaction may mainly electrostatic attractions 

between the protein with P (AA) and P (AMPS). 

When protein was loaded in and release from the 

ionic hydrogel matrix, the electrostatic interaction 

may make a dominant effect. 

Figure (12): Effect of AA concentration on amount of 

releasing protein from P (AA) hydrogel in phosphate buffer 

solution at pH; 7.5 at 25 
o
C.  

 

 

AA (wt %)

0 10 20 30 40 50

R
e
le

a
si

n
g
 p

r
o
te

in
 (

%
)

0

2

4

6

8



Chapter IV                                            Results and Discussion 

 

96 

 

 On the other hand, the relationship of the protein 

release amount with networks composition shows 

constant protein in the composition range of 20-25 

wt % of AMPS at which the electrostatic attraction of 

protein with P (AA) and P (AMPS) may limit the 

chains relaxation of networks and lead to constant 

protein release.  Fig (10). So that, P (AA-co-AMPS) 

of composition 75\25 wt% was chosen as an 

optimum composition for the immobilization of GI 

by entrapment. 

Figure (12) shows the relationship of the released 

protein amount with AA concentration for pure P 

(AA) hydrogels.  It is obvious that the release amount 

decreased with the increase of AA concentration due 

to the increase in crosslinking content in the hydrogel 

networks as in fig (11) and consequently a decrease 

in protein release occure. 
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IV-2-2 Effect of Irradiation Dose on Protein 

Release 

The change of releasing protein amount for P (AA) 

and P (AA-co-AMPS) hydrogels with the irradiation 

dose in phosphate buffer of pH7.5 is illustrated in fig 

(13). It is obvious that at a given irradiation dose the 

amount of released protein from the P (AA) hydrogel 

is higher than that of P (AA-co-AMPS) hydrogel 

chains It can be seen also that the amount of released 

protein from the prepared hydrogels decreased with 

the increase of irradiation dose, this may be due to 

the increase in crosslinking content that lower the 

protein release. 

Additionally, the crosslinking can act as knot typing 

up the polymer chains restricting their expansion and 

prevent the protein release, Also the increase in the 

crosslinking content results in decrease in the overall 

swelling behavior of the hydrogels.  the reduction of 

the swelling behavior reduce the interaction of 

immobilized GI with the substrate, so that 20 kGy is 

chosen as a suitable irradiation dose , since , lower 

doses may cause escaping of protein through the 

loosely cross linked hydrogels . 
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Effect of irradiation dose on protien release amount
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 Figure (13): Effect of irradiation dose on releasing protein 

amount, from P (AA) and P (AA-co-AMPS) hydrogels at 25 

o
C, in phosphate buffer at pH; 7.5.  
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IV-2-3 Effect of MBAA as a cross linking agent 

concentration on protein release and gel content:- 

Figure (14 and 15) shows the influence of different 

MBAA concentrations on the properties of the 

hydrogels. As can be seen from the figures to 

increase the crosslinking density and to decrease the 

gelation dose, MBAA was added to the comonomer 

solution mixture .when such mixture was irradiated 

with gamma rays, polymerization and crosslinking 

reactions took place simultaneously. Since a 

crosslinking agent e.g. MBAA is presented in the 

system, the end vinyl groups of MBAA may react 

with the polymer chains during the chain propagation 

the copolymer is comprised of a crosslinked structure. 

As can be seen from fig (15) the percentage gelation 

increases with increasing MBAA concentration to 

reach a certain limiting value at approximately 

0.3wt% of MBAA.   

The protein release from the hydrogel decrease with 

increasing the concentration of   MBAA. When large 

amount of MBAA (0.5wt%) is used, the protein 

release decreases to a great extent which is because 

the increase in the crosslinking content ,in other 
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word , the hydrogel of the high crosslinking content 

is obtained with large MBAA content and vice versa. 

In the mean while, the diffusion of the substrate and 

activity of the immobilized GI depends mainly on the 

pore size and crosslinking content. 

MBAA not only determine the crosslinking content 

but also offer to the pore size. The main function of 

MBAA is pore size regulator of the copolymer since 

a cross linking agent (MBAA) is in the system, an 

interpenetrating; polymer network is formed with 

free carboxylic, sulfonic acid and amide groups at the 

chain end.  
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Figure (14): Effect of MBAA concentration on protein release at 

25
o
C in phosphate buffer at pH; 7.5.  Irradiation dose; 20 kGy. 

Considering the diffusion of the substrate, the results 

suggest that the best property of the hydrogel is obtained 

when 0.3 wt% of MBAA used in the reaction mixture. 
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Figure (15): Effect of MBAA wt% on gelation degree of 

two enzyme carrier P (AA) and P (AA-co-AMPS), irradiation 

dose; 20kGy. 

IV-3- Characterization of two enzyme carrier 

P(AA) and P(AA-co-AMPS).. 

IV-3-1  FTIR analysis 

FTIR spectroscopy was used for the characterization 

of AA/AMPS hydrogel. The hydrogel sample 

exhibits important absorption bands from FTIR 
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spectroscopy measurements as shown in Fig. 15. It is 

associated with stretching vibration of two S=O 

bonds in sulfonic group Y.H, Gad (2008)), at v = 

1150 cm
-1

. Strong band from carbonyl group 

associated with carboxyl group is verified (at v= 

1708 cm
-1

). Amide group contribution is observed 

with absorption ranging from v = 1550 cm
-1

 1650     

cm
-1

. Characteristic alkyl (R CH2) stretching modes 

from v = 2850:3000 cm
-1

 are observed Chin J. 

(2011).In summary, the characteristic bands of 

monomers AA and AMPS clearly indicate the 

occurrence of copolymerization of AA and AMPS. 

An import absorption peak from NH stretching 

vibration is verified at a frequency of   v = 3296 cm
-1

. 

This vibrational band is mostly attributed to 

crosslinker N,N-methylene bis (acrylamide). FTIR 

spectrum in Fig (10) decrease of the intermolecular 

associated acid gps is observed confirms the 

formation of AA/AMPS hydrogel with cross-linked 

network structure.  v = 3370 cm
-1

is attributed to the 

peptide bond of enzyme. The cross linker acts as 

reactive sites among polymer chains of AA and 

AMPS to induce the crosslink polymerization. 
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Figure (16): FTIR Schematic Diagram for P(AA), 

P(AMPS) and P(AA-co-AMPS)(75/25wt%).  
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IV-3-2 SEM micrographs:- 

     SEM analysis was carried out in order to confirm 

the immobilization of enzyme onto the prepared 

hydrogels. 

Figure (17) a and b show the SEM images of P (AA) 

hydrogel and P (AA-co-AMPS) hydrogel before the 

immobilization. Fig (17) c and d are the SEM images 

of P (AA) hydrogel and P (AA-co-AMPS) hydrogel 

after the immobilization. The porous nature of the 

 P (AA-co-AMPS) copolymer hydrogel can facilitate 

the immobilization of enzyme into the pores of the 

hydrogel. After the immobilization process the 

porous nature of the hydrogel had changed and the 

pores are filled with protein macromolecules. This 

difference in the morphology itself revealed the 

immobilization of GI enzyme onto the hydrogel. 
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(a )   P (AA)  (c) GI immobilized onto 

P(AA) 

  

(b ) P (AA-co-AMPS) (d)   GI immobilized onto 

P (AA-co-AMPS) 

Figure (17): SEM micrograph for: 

(a) P(AA) 

(b) P(AA-co-AMPS) 

(c) GI immobilized onto P(AA) 

(d)GI immobilized onto P (AA-co-AMPS) 
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IV-4 Enzyme Activity Assay 

IV-4-1 Effect of immobilized GI amount on the 

enzyme activity:-   

The relationship between the amount of GI 

immobilized and the relative activities of the 

entrapped GI into P (AA-co-AMPS) polymer 

network was studied and the results are shown in     

fig (18). Different concentrations that ranged from   

5mg\ml to 40mg\ml of glucose isomerase solutions at 

pH 7.5 then added to the reaction mixture in which 

AA/AMPS of composition (75/25 wt%)(comonomer 

concentration of 20 wt %) and MBAA 0.3wt% and 

Then the mixtures irradiated with a total dose of 20 

kGy.  
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2D Graph 4
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Figure (18): Effect of GI amount on the activity of 

immobilized GI in phosphate buffer of pH; 7.5 temperature; 

65
o
C. 

As can be seen from the figure that the relative 

activity increase as the amount of the immobilized GI 

increase to reach a maximum value at 20 mg\ml 

thereafter it decreases .With an increase in GI 

amount, more GI molecules were entrapped into  the 

polymer network and thus the enzyme activity 

increased. However, when GI amount was greater 
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than 20mg\ml the enzyme activity decreased 

significantly due the steric hindrance and distortion 

effects that change the steric configuration of GI 

molecules thus decrease in relative activity. 

IV-4-2 Effect of (MBAA) as a crosslinking agent 

concentration on the activity of immobilized 

enzyme:- 

The effect of MBAA concentration on the activity of 

immobilized enzyme was studied and shown in       

fig (19). It can be seen that as the MBAA 

concentration increases the activity of enzyme GI 

increases to reach its maximum value at 0.3 wt % of 

MBAA then it decreases. These results can be 

explained according to the following:- 

1-At low MBAA concentration, the amount of 

crosslinking network structure formed inside the gel 

is low, therefore, when the hydrogel washed with 

water the entrapped enzyme escape from the gel 

resulting in reducing the enzyme concentration and 

consequently the activity of enzyme is reduced. 
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Figure (19): Effect of MBAA concentration (wt %) on the 

activity of GI immobilized onto P (AA) and P (AA-co-

AMPS), at 65
o
C in phosphate buffer at pH; 7.5. 

2-At MBAA concentration higher than 0.3 wt % 

the crosslinking content may becomes so high that 

the polymer network may prevent  the diffusion of 

the substrate and product through the network 

structure . These effects may cause a drop in the 

enzyme activity. 
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IV-4-3 Effect of irradiation dose on the activity of 

Free and immobilized GI:- 

The change of GI activity in the free and 

immobilized form onto P (AA) and P (AA-co-

AMPS) hydrogels, with irradiation dose shown in fig 

(20). It is obvious that the activity free GI decreases 

with increasing irradiation doses, however, the 

activity of the immobilized enzyme by entrapment 

maximum value at 20 kGy then it decreases. Such 

increases with the irradiation dose to reach its 

behavior is observed for the enzyme entrapped into 

P(AA) hydrogel and that  entrapped into P(AA-co-

AMPS) hydrogel . As expected from the study of the 

effect of irradiation dose on protein release amount, 

the low activity of the entrapped enzyme at low 

doses may be attributed to escape of enzyme and 

consequently a decrease in the enzyme amount inside 

the hydrogel network results in a decrease in the 

overall activity. 
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Figure (20): Effect of irradiation dose on the relative 

activity of free and immobilized GI enzyme at 65
o
C, at pH; 

7.5, free GI concentration 20mg\ml and the immobilized 

hydrogels contain the equivalent amount of the 

enzyme ,glucose concentration 0.8 M . 

 

On the other hand, the decrease in activity of 

immobilized GI with the increase of absorbed doses≥ 

20 kGy may be due to the increase in crosslinking 

content that lowers the substrate diffusion. Also, 

higher absorbed doses (more than 20 kGy) may cause 

degradation of the polymer, ultimately, crosslinking 
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or degradation decreases the absorption of the 

substrate. Another reason for the reduction of the 

entrapped enzyme activity could be due to the 

interaction of entrapped enzyme with γ- rays of high 

doses which may lead to denaturation of the protein 

molecules. 

IV-4-4 Effect of incubation time on enzyme 

activity: 

The effect of incubation time on the yield of fructose 

was studied and shown in fig (21). With an increase 

incubation time, more fructose yield was produced. 

The bio conversion of glucose to fructose increased 

up to incubation time of 80 min then it levels off and 

remained constant until 200 min i.e. the reaction 

reached equilibrium after 80 min with 140mg/ml 

yield of fructose. The results also showed that shorter 

incubation time was needed for free enzyme 

compared to the immobilized one with the same yield 

of fructose which may be attributed to diffusion  
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Fig (21): Effect of incubation time on GI activity at 65
o
C in 

phosphate buffer at pH; 7.5, glucose concentration 0.8 M. 

IV-4-5 Effect of PH value of reaction solution on 

the activity of free and immobilized GI :- 

Enzymes exhibit their maximum activities under 

certain conditions. A small change in pH, ionic 

strength or temperature of the medium may cause 

denaturation and loss of activity of the enzyme.  the 
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effect of pH value of reaction solution on the 

activities of free and immobilized GI entrapped in 

various hydrogels such as P(AA) and P(AA-co-

AMPS) polymer networks were examined at 

different pH values that  ranging from 5-9 in 

phosphate –acetate buffer solutions and presented in 

fig (22). 2D Graph 4
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Figure (22): Effect of pH of the reaction solution on the activity of 

Free and immobilized GI at 65
o
C, free GI concentration 20mg\ml and 

the immobilized hydrogels contain the equivalent amount of the 

enzyme, glucose concentration 0.8 M 
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As can be seen, the optimum pH value of the reaction 

solution for free and immobilized GI was found to be 

7.5, the change in activity with pH may be attributed 

to the distribution of the hydrogen ion concentration 

on the surface of the immobilized polymer networks, 

and it is not affected by immobilization. 

At low pH values, the enzyme exhibited very low 

activities due to the protonation of various amino 

groups in enzyme molecules which is an important 

factor in the stability of enzyme structure. Similar 

observations were reported by Yoon –Seok Song 

(2013). Haitao Yu et al., (2011).  

Immobilized GI onto P (AA-co-AMPS) had wider 

application range of pH value of reaction solution 

than GI immobilized onto P (AA) since it retained 

82% of its maximum activity at pH value of 6 and 

79% of its maximum activity at pH value of 

8.However, GI immobilized on P (AA) retained 74% 

of its maximum activity at pH value of 6 and 70.6 at 

pH value of 8. It is also observed that at high pH 

values that ranging from 8-9 the retained activities of 

GI immobilized onto P (AA-co-AMPS) is higher 
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than that of free enzyme indicating higher stability of 

GI entrapped in P (AA-co-AMPS). 

IV-4-6 Effect of reaction temperature on the 

activities of free and immobilized GI:- 

Effect of reaction temperature on the activities of free 

and immobilized GI entrapped in various hydrogels 

was investigated by measuring the relative activity in 

the temperature range of 40 to 90 
O
C and the data are 

shown in fig (23). It can be seen that the activity 

increased significantly when the temperature 

increased until 65
O
C then the enzyme activity 

decreased. The relative activity of GI immobilized 

onto P (AA-co-AMPS) was higher than that of GI 

immobilized onto P (AA) in the tested temperature 

range. The results suggested that GI stabilized by 

immobilization onto P (AA-co-AMPS) polymer 

networks. 

The optimum reaction temperatures for free and 

immobilized GI were all found to be 65 
O
C. It is also 

observed that immobilized GI onto P (AA-co-

AMPS) had wider application range of reaction 

temperature than that immobilized onto P (AA) 

hydrogel. Immobilized GI onto P (AA-co-
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AMPS)retained 64.6 % and 85.3 % of its maximum 

activity at 50
O
C and 80 

O 
C, however GI immobilized 

onto P(AA) retained 59% and 74.4 % of its 

maximum activity at 50 
O
C and 80 

O
C, respectively. 
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Figure (23): Effect of reaction temperature on the activities of 

free and immobilized GI at pH; 7.5, free GI concentration 20mg\ml 

and the immobilized hydrogels contain the equivalent amount of the 

enzyme, glucose concentration 0.8 M. 
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It was also  obvious that the immobilization of GI 

onto P(AA-co-AMPS) enhances the thermal stability 

of the enzyme at elevated temperature that ranged 

from 70 to 90 
O
C  compared to free enzyme which is 

advantageous  for industrial  applications,  This could 

be attributed to the increased stability of the 

immobilized enzyme, where the conformational 

change was restricted by the entrapment.  

IV-4-7- The effect of ionic strength on the activity 

of Free and immobilized GI:-  

The activity of enzymes depends mainly on 

electrostatic parameters such as surface charge, pH 

and ionic strength. Salt has positive effect for the 

denaturation of enzyme molecules by facilitating the 

protonation. The effect of additional amount of NaCl 

on activity of free and immobilized GI was studied 

with concentration range from 0 to 1.0 mol\l, at the 

optimum pH 7.5 and optimum temperature 65 
o
C 

figure (24). It can be seen that the activity of free and 

immobilized GI decreased with increasing NaCl 

concentration in the substrate solution. However, at 

given NaCl concentration i.e. ionic strength, the 

activity of GI immobilized onto P (AA-co-AMPS) is 
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higher than that of the free form indicating higher 

stability of GI entrapped into P (AA-co-AMPS). 

The ionic strength increases as NaCl concentration 

increases and more NaCl ions in the substrate 

solution can screen the electrostatic interaction 

between the carrier and the enzyme molecules and 

makes the activity for GI decreases with increasing 

NaCl concentration. 

Figure (24): Effect of ionic strength on the activity of free 

and immobilized GI, in phosphate buffer of pH; 7.5, 

temperature; 65
O
C.  

The ionic strength may lead to denaturation process 

of enzyme molecules, thereby reducing electrostatic 
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forces in the presence of high concentration of Na
+
 

and Cl
- 
ions. The obtained results gave an indication 

that the activity of enzyme is mainly governed by the 

ionic strength effect. 

IV-4-8 Reusability of the immobilized glucose 

isomerase (GI):    

One of the most significant advantages of the 

enzymes immobilization is the reusability, which can 

significantly reduce the cost of production due to 

their repeated uses. 

It is important to note that the hydrogel was 

separated from the reaction mixture by simple 

filtration ,washed with water , dried and reused in the 

next cycle, therefore, the hydrogels were repeatedly 

used 15 times in the reaction media under similar 

conditions . 

The change of enzyme activity by repeated use was 

investigated and shown in fig (25). 

It can be seen that the activity of the immobilized GI 

decreases, after each cycle. The immobilized 

enzymes activities decreased while reuse number was 

increase this behavior could be attributed to diffusion 

effects, as the hydrogels contain two different 
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polymers with main crosslinked network is MBAA 

during the enzymatic reactions these polymers may 

block the pores of these hydrogels and prevent the 

diffusion of the substrate into the matrices. 

 The decrease in enzyme activity may be also due to 

the gradual protein denaturation and release of 

protein from the polymer network these effects may 

cause a drop in enzyme activity. 
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Figure (25): Relationship between reuse number and activity of GI, 

at 65 
o
C and pH; 7.5 

However, after 15th use the enzymes entrapped into 

P (AA-co-AMPS) hydrogel retained 81% of its initial 
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activity. Meanwhile, the retained activity for GI 

entrapped into P (AA) hydrogels was found to be 

69%. The results suggest that GI entrapped into         

P (AA-co-AMPS) has better operational stability. 

IV-4-9 Storage stability: 

Enzyme stability is one of the factors affecting 

productivity. The stability of enzymes can be 

improved by immobilization. In order to examine the 

storage stability, the free and immobilized GI forms 

were stored at 4 
o
C and the activities were measured 

periodically over duration of 48 days. It is obvious 

that upon 48 days of storage the retained activity of 

the free enzyme was 52%, while the enzyme 

entrapped into P (AA-co-AMPS) and P (AA) 

retained about 87 % and 71% of their initial activities, 

respectively. The decrease in activities of GI 

entrapped into P (AA-co-AMPS) and P (AA) after 

the storage time can be explained by the existence of 

functional groups in the polymer network.  These 

groups may have some interactions with the 

functional sites of the enzyme affecting its activity by 

time.  It is well known that the stability of enzymes 
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can be improved by immobilization because of 

diffusional resistance. 
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Figure (26): Effect of storage stability on the activity of free and 

immobilized GI at 65
o
C, in phosphate buffer of pH value; 7.5 

Thus, the IGI exhibits a higher stability than that of 

the free enzyme P (AA-co-AMPS) and P (AA) 

supports should provide a stabilization effect, 

minimizing possible distortion effects which might 

be imposed from aqueous medium on the active site 

of the immobilized enzyme.  
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IV-5 . Kinetic Studies 

In order to study the influence of the substrate 

concentration  on the catalytic activity of the 

immobilized enzymes as well as to elucidate the 

kinetic effect of immobilization, Michaelis–Menten 

constant (Km) and the maximum reaction rate 

(Vmax) were determined from the classical 

Michaelis–Menten kinetics and Lineweaver–Burk 

plots by measuring the initial reaction rates with 

different glucose concentration solutions that ranged 

from  (5 up to 200 mg/mL), the rates of glucose 

isomerization observe the change of enzyme activity 

in a fixed period of time; 5 minute. 

Km values of free and immobilized GI onto P (AA-

co-AMPS) and into P(AA) were found to be  34 , 

29.2 and 14.5 mg/mL, respectively. The Vmax 

values of free and entrapped enzyme into P (AA-co-

AMPS) and P (AA) were found to be 3.87, 1.6 and 

0.79 mg/mL. min, respectively Fig (27). Similar 

observations, for immobilization of glucose 

isomerase, have been reported by, G. Demirel et al 

(2006). 
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Figure (27): Linweaver-Burk plots for the free and 

entrapped GI into P (AA) and into P (AA-co-AMPS) 

hydrogels, at 65 ºC and pH; 7.5. 

 

 

 

 

 

 

 

 

 

 



Chapter IV                                            Results and Discussion 

 

127 

 

Table (2): Kinetic parameters of the free and 

immobilized GI. 

 Vmax(mg\ml.min) Km(mg\ml) 

Free GI 3.87 34 

GIonto P(AA-co-

AMPS) 

1.6 29.2 

GI onto P(AA) 

 

0.79 14.5 

 

There is a decrease in Km values compared to the free 

glucose isomerase. Similar observations for 

immobilization of glucose isomerase, have been 

reported by, G. Demirel et al (2006).  

 On the other hand, Km and Vmax values of the free 

and entrapped enzyme into P   (AA-co-AMPS) were 

quite close to each other. Therefore, the bio 

conversion of glucose to fructose can be successfully 

performed by GI entrapped into P (AA-co-AMPS) 

hydrogel. 
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SUMMARY AND CONCLUSION  

The general interest of enzyme immobilization increased 

considerably in the last few years. This work aims to 

prepare some applicable hydrogels for possible uses in 

biochemical and industrial applications as well as their 

uses as an enzyme carrier. 

1-Effect of irradiation dose on gelation degree of P 

(AA)and P (AA-co-AMPS)  showed that  the maximum 

gel fraction of pure P (AA) and  P (AA-co-AMPS) 

hydrogels were 98.2% and 94.12% , respectively, at 

irradiation dose of 40 kGy,  although, the gel fraction  

was found to be 95.2 % and 89.6% for  P (AA) and  P  

(AA-co-AMPS)  at a total dose of 20 kGy which is 

responsible for practical applications. 

2-the irradiation dose affects the swelling behavior of 

the hydrogels and considerable variation in the swelling 

capacity of hydrogels was noted when P (AMPS) is 

incorporated with P (AA) and the order values was 

P(AA- co-AMPS) hydrogel > P(AA) hydrogel. 

3-The swelling degree increased by increasing AMPS 

content in the copolymer. This can be attributed to not 

only to the presence of high amount of strong 
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hydrophilic (SO3H) gps but also to the gel content in the 

polymer network which decrease by increasing the 

AMPS content in the copolymer, and the equilibrium 

swelling reached after 24h. 

4- Effect of pH on the degree of Swelling showed that 

maximum swelling was achieved at pH value of 7 for 

both hydrogels P(AA) and P(AA-co-AMPS), however, 

another maximum was observed at pH value of 3 for 

P(AA-co-AMPS).   

  5- It is obvious that the equilibrium swelling is highly 

dependent on the ionic strength of the medium. The 

increase in the ionic strength leads to a decrease in the 

swelling degree of the hydrogels.  

6-The presence of the functional groups of the P (AA) 

and P (AA-co-AMPS) hydrogels as carriers and the 

functional groups of the entrapped enzyme were 

confirmed by the use of FTIR spectroscopy. 

7- A piece of the prepared hydrogel was viewed through 

SEM before and after enzyme immobilization, after the 

immobilization process the porous nature of the 
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hydrogel had changed and the pores are filled with 

protein macromolecules. 

8- Investigation of thermal properties for the prepared 

enzyme carriers using TGA showed that the prepared 

enzyme carriers posses good thermal stability and such 

stability was enhanced by the addition of 25 wt% of  

AMPS to the AA. 

9- The effect of AA\AMPS composition on protein 

release showed that the amount of released protein from 

P (AA-co-AMPS) hydrogel increased with increasing 

AMPS content due to the chain relaxation of hydrogel 

networks. 

10- Effect of Irradiation dose on Protein release showed 

that the amount of released protein from the prepared 

hydrogels decreased with the increase of irradiation dose 

and 20 kGy was chosen as a suitable irradiation dose.  

11-  Maximum enzyme activity ,reasonable gel content, 

best property of the hydrogel were obtained with the 

addition of 0.3wt% Methylene bis acrylamide(MBAA) 

in the preparation of enzyme carriers. 
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12- Effect of immobilized GI amount on the enzyme 

activity showed that the maximum activity of the 

immobilized GI was obtained when 0. 1g\g hydrogel 

was added during the preparation process. 

 13 -The Effect of irradiation dose on the activity of Free 

and immobilized GI showed that the activity of free GI 

decreases with increasing irradiation doses, however, the 

activity of the immobilized enzyme by entrapment 

increase with the irradiation dose to reach its maximum 

value at 20 kGy then it decreases 

14-The effect of pH value of the reaction solution on the 

activity of free and immobilized GI showed that the 

optimum pH value of the reaction solution for free and 

immobilized GI was found to be 7.5 and it is not 

affected by immobilization. 

15- Effect of reaction temperature on the activities of 

free and immobilized GI entrapped in various hydrogels 

was investigated and the optimum reaction 

temperatures for free and immobilized GI were all found 

to be 65 
O
C and the  immobilized GI onto P (AA-co-

AMPS) had wider application range of reaction 
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temperature than that immobilized onto P (AA) 

hydrogel.. 

16-The effect of ionic strength on the activity of free and 

immobilized GI was investigated to find that the activity 

decreased with increasing ionic strength and at a given 

ionic strength, the activity of GI immobilized onto P 

(AA-co-AMPS) is higher than that of the free form 

indicating higher stability of GI entrapped into P (AA-

co-AMPS). 

17- The change of enzyme activity by repeated use was 

investigated to find that after 15 use of the  enzymes 

entrapped into  P(AA-co-AMPS) hydrogel retained 81% 

of its initial activity, however, the retained activity for 

into P (AA) hydrogel was found to be 69% . 

18-the storage stability was examined to find that upon 

48 days of storage the retained activity of free enzyme 

was 52%, while the enzyme entrapped into P (AA-co-

AMPS) and P (AA) retained about 87 % and 71% of 

their initial activities, respectively. 

19- Michaelis–Menten constant (Km) and the maximum 

reaction rate (Vmax) were determined from 

Lineweaver–Burk plots Km to find that values of free, 
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immobilized GIs onto P (AA) and into P(AA-co-AMPS) 

were 34 , 14.5 and 29.2 mg/ mL, respectively The Vmax 

values of free, entrapped enzymes into P(AA)  and 

P(AA-co-AMPS) were 3.87,  0.79 and 1.6 mg/mL min, 

respectively. 

 Conclusion:- 

To enhance the operational stability, storage stability, 

and reusability, glucose isomerase was immobilized by 

entrapment into P (AA) and P (AA-co-AMPS) polymer 

hydrogels for isomerization of glucose to fructose. The 

influence of the reaction conditions on the activity of 

immobilized GI were studied to find that the optimum 

pH value of reaction solution is 7.5 and reaction 

temperature is 65
o
C. The immobilized enzyme showed 

good thermal stability and reasonable reusability, in 

comparison with the free counterpart, the immobilized 

GI  onto P(AA-co-AMPS) and P(AA) retained 81% and 

69 %,respectively, of its initial activity after recycled for 

15 times and retained 87% and 71% ,respectively ,of its 

initial activity after stored at 4
o
C for 48 days. 

 The activity of the entrapped GI into P (AA-co-AMPS) 

was higher than that entrapped into P (AA) polymer 

hydrogel this was because the high amount of 
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hydrophilic groups in the P (AA–co- AMPS) polymer 

network increased the enzyme conformational stability. 

The  Km values of free and  immobilized GI  onto P(AA-

co-AMPS) and onto P (AA) matrices  were found to be 

34, 29.2  , 14.5 mg\ml , respectively, while the  Vmax 

Values calculated to be 3.87 ,1.6,0.79 mg\ml.min, 

respectively. Therefore the bio conversion of glucose to 

fructose can be successfully performed by GI entrapped 

into the prepared hydrogels. 
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 مج/مل.ق و المثبت عمى البولى حامض األكريمي  المنيرد و  3,87
ض األكريمي  و األكريالميدوميثيل بروبان حامض حام الكوبوليمير

   مج/مل.ق عمى الترتيب.  1,62و  2,79السميوني  ىى 
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تمت دراسة تأثير قوة تركيز األيونات عمى نشاط اإلنزيم و أثبتت  -15
النتائج أن نسبة نشاط اإلنزيم تقل بزيادة تركيز األيونات فى الوسط 

ا الوسط ويكون المحيط ولكن اإلنزيم المثبت يكون أكثر ثباتا فى ىذ
 نشاطو أعمى من نطيره الحر.

بدراسة إمكانية إعادة إستخدام اإلنزيم المثبت أوضحت النائج أن  -16
بعد خمسة عشر مرة من نسبة النشاط المتبقى لإلنزيم المثبت 

% من النشاط األصمى فى حالة تثبيتو عمى 81اإلستخدام ىى 
دوميثيل الكوبوليمر المكون من حامض األكريمي  و األكريالمي

 % فى حالة تثبيو عمى 69بروبان حامض السميوني  و يصبح 
 حامض األكريمي  المنيرد.

أظيرت دراسة ثبات اإلنزيم بعد تخزينو لمدة تجاوزت ثمانية و  -17
إلنزيم المثبت عمى الكوبوليمر ل المتبيى نشاطال أربعون يوم أن

 المكون من حامض األكريمي  و األكريالميدوميثيل بروبان حامض
%  ونشاط اإلنزيم المثبت عمى البولى حامض 87السميوني  ىو 

% من 52% بينما ييقد اإلنزيم الحر 71األكريمي  المنيرد ىو 
 نشاطو بعد تخزينو نيس المدة.

تم تعيين قيمة ثابت ميكائيل المحسوبة لإلنزيم الحر و المثبت من  -18
و  12,5لإلنزيم الحرمج/مل  32منحنى لينوافير وبور  وجد أنيا 

 البولى حامض األكريمي  المنيرد و  إلنزيم المثبت عمىل 09,0
حامض األكريمي  و األكريالميدوميثيل بروبان حامض  الكوبوليمير

السميوني  عمى الترتيب. و أن سرعة التياعل لإلنزيم الحر ىى       
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 % من05/75ىذا اإلنزيم ىى  أن النسبة التركيبية المالئمة إلحتباس
 األكريالميدو ميثيل بروبان حامض السميوني / حامض األكريمي .

التشعيع عمى نسبة خروج اإلنزيم من الشبكة بدراسة تأثير جرعة  -12
عمى نشاطو وجد أن ىذه النسبة تقل بزيادة جرعة الييدروجيمية و 

  جراى ىى  02التشعيع و ذل  لزيادة محتوى الترابط الشبكى و أن 
تمام ىذه العممية و التى عندىا نحصل عمى أعمى الجرعة المالئمة إل

 نشاط لإلنزيم المثبت.

أثبتت النتائج أن أفضل نسبة نشاط لإلنزيم المحمل عمى  -11
ل خواص ليذه الييدروجيالت تكون بإضافة الييدروجيالت و أفض

 % من مثيمين ثنائى األكريالميد.  2,3

لى الييدروجيالت عمى نشاط إبدراسة تأثير كمية اإلنزيم المضافة  -10
 2,1ىذا اإلنزيم وجد أن أفضل نسبة نشاط لإلنزيم المحمل ىى 

 جرام/ جرام جيل.

ط إنزيم تمت دراسة تأثير األس الييدروجينى المثالى الخاص بنشا -13
الجموكوز أيزوميريز الحر و المثبت عمى الييدروجيالت و أثبتت 

 .الحالتينمتا فى ك 7,5النتائج أنو 
تمت دراسة تأثير درجة حرارة التياعل عمى نشاط اإلنزيم الحر و  -12

المثبت ووجد أن درجة الحرارية المثالية والتى يكون عندىا أعمى 
المثبت ولكن فى درجات لإلنزيم الحر و  2م 65نشاط لإلنزيم ىى 
 إلنزيم المثبت أكثر ثباتية من نظيره الحر.االحرارة العالية يكون 
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درجة إنتياشية األس الييدروجينى عمى تمت دراسة تأثير  -2
الييدروجيالت المحضرة وأوضحت النتائج أن أقصى قيمة ليا عند 

.pH=7 

تمت دراسة قوة تركيز األيونات عمى درجة إنتياشية الييدروجيالت  -5
المحضرة ومن المالحظ أن درجة اإلنتياشية تقل بزيادة تركيز 

 األيونات فى الوسط المحيط.

حت الحمراء تم التأكد من بدراسة نتائج التحميل الطييى باألشعة ت -6
نزيم وجود المجموعات الوظييية اليعالة الخاصة بالييدروجيالت و اإل

 المثبت.

تمت دراسة الصور اليوتوغرافية لمييدروجيالت قبل وبعد تثبيت  -7
كى داخل التركيب الشبنزيم عمييا ووجد أن التثبيت قد تم اإل

مقطع العرضى وتم التأكد من ىذا بدراسة ال لمييدروجيالت المحضرة
 لمييدروجيالت.

تمت دراسة الثبات الحرارى لمييدروجيالت المحضرة ووجد أنيا ذات  -8
وأن الثباتية الحرارية ليذه الييدروجيالت قد ثباتية حرارية عالية 
% من األكريالميدوميثيل بروبان حامض 05إزدادت بإضافة 

 كريمي .لى حامض األإالسميوني  

و  المنيرد حامض األكريمي بولى بية لبدراسة تأثير النسبة التركي -9
ميدو ميثيل بروبان حامض السميوني  عمى إمكانية خروج األكريال

و أثبتت النتائج أن إنطالق اإلنزيم  اإلنزيم من الشبكة الييدروجيمية
يزداد بزيادة محتوى األكريالميدو ميثيل بروبان حامض السميوني  و 
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  الملخـص العربـي

 وقد تناول ىذا نزيمات فى األعوام السابقةىتمام بمجال تثبيت اإلتزايد اال
ت المميزة ذات المجموعات الوظييية وذل  التحضير بعض الييدروجي البحث

 -:من أجل اإلستخدامات الحيوية و إعتبارىا كحامال لإلنزيمات
رابط الشبكى تمت دراسة تأثير جرعة التشعيع عمى درجة تكوين الت -1

لمييدروجيالت المحضرة من حامض األكريمي  المنيرد و الكوبوليمر 
ثيل بروبان حامض مي المكون من حامض األكريمي  و األكريالميدو

  جراى وىى نسبة مالئمة  02جرعة التشعيع  عند السميوني 
 .لمتطبيقات العممية

ميرات عمى تمت دراسة تأثير جرعة التشعيع و النسبة التركيبية لممونو  -0
حامض األكريمي  المنيرد و الكوبوليمر المكون البولى درجة إنتياشية 

ميثيل بروبان حامض  من حامض األكريمي  و األكريالميدو
تقل بزيادة جرعة ووجد أن إنتياشية ىذه الييدروجيالت السميوني  

حامض  ميثيل بروبان التشعيع و تزداد بزيادة محتوى األكريالميدو
 السميوني .

بدراسة الوقت الالزم لمحصول عمى أعمى درجة انتياشية  -3
حامض األكريمي   )الكوبوليمرلمييدروجيالت المحضرة والمكونة من 

 02وجد أن (  ميثيل بروبان حامض السميوني  و األكريالميدو
 الوقت المستغرق لمحصول عمى أعمى درجة انتياشية.ساعة ىو 



 -:اإلستنتاج  

ححغيي على  أى اعخخذام الوعالجاث اإلشعاعيت )اإلشعاع الوؤيي( يعولًغخخلض هي ُزٍ الذساعت 

خج بثأفقذ  الحيْيت   عخخذاهِا فى العذيذ هي الخطبيقاثإّإهناًيت  لبْليوشاث خْاص بعض ا

ححغيي الخْاص الْظيفيت ,الخْاص الخخضيٌيت,ّإهناًيت إعادة إعخخذام اًضين قذ حن الذساعت أًَ 

 الخشميب الشبنى  بطشيقت االحخباط داخل هخخاليت ّرلل لعذة هشاث (الجلْمْص أيضّهيشيض)

لبْليوشاث الونًْت هي حاهض األمشيليل الوٌفشد ّالنْبْليوش الونْى هي حاهض األمشيليل ل

 .اى حاهض الغلفًْيل ّاألمشيالهيذّ هيثيل بشّب

فى حالخيَ الحش  (الجلْمْص أيضّهيشيض)حوج أيضا دساعت  ظشّف الخفاعل الخاص باًضين 

ّالوثبج لوعشفت األط الِيذسّجيٌى الوٌاعب لٌشاط اإلًضين ّدسجت الحشاسة الوثاليت لْعظ 

 الخفاعل.

على  الوثبج ًضين أمثش ثباحا هي ًظيشٍ الحش ّ أى اإل الوثبجّ أثبخج الذساعت أى اإلًضين  

النْبْليوش الثٌائى ّ الونْى هي حاهض األمشيليل ّ األمشيالهيذّ هيثيل بشّباى حاهض 

الغلفًْيل أمثش ثباحيت هي اإلًضين الوثبج على البْلى أمشيليل الوٌفشد حيث أًَ يبقى هي ًشاطَ 

 ْلى أمشيليل% ّرلل بعذ إعخخذاهَ عذة هشاث فى حيي أى اإلًضين الوثبج على الب81األطلى 

% هي ًشاطَ األطلى ّرلل بعذ 87ّّجذ أًَ أيضا يبقى  ًشاطَ األطلى % هي99يبقى  الوٌفشد

  الوٌفشد يْم ّ أى اإلًضين الوثبج على البْلى أمشيليل 88هذة الخخضيي الخى حجاّصث 

% هي ًشاطَ األطلى بعذ ًفظ 05%هي ًشاطَ األطلى فى حيي أى اإلًضين الحش يفقذ 71يبقى

 الخخضيي.هذة 

هجن/  18,0هجن/ هل ّ  99,9ّبخعييي قيوت ثابج هينائيل هي هٌحٌى ليٌْافيش ّبْسك ّجذ أًِا 

هل لإلًضين الوثبج على  النْبْليوش الونْى هي حاهض األمشيليل ّ األمشيالهيذّ هيثيل بشّباى 

لإلًضين هجن/ هل  48حاهض الغلفًْيل ّ البْلى أمشيليل الوٌفشد على الخشحيب موا ّجذ أًِا 

 الحش.

ّّجذ أى قيوخِا   /هل.قن هج 4,87 ُىّأثبخج الٌخائج أى قيوت عشعت الخفاعل لإلًضين الحش

لإلًضين الوثبج على النْبْليوش الونْى هي حاهض األمشيليل ّ األمشيالهيذّ هيثيل بشّباى 

 .على الخشحيب 5,79ّ 1,9حاهض الغلفًْيل ّ البْلى أمشيليل الوٌفشد ُى 



 بىالمستخلص العر    

َظشا
"

انبحث دساعت ْزا  فى انخطبيقاث انصُاػيت حُأل يض(  يضٔييشأكٕص ٕانجه)َضيى إًْيت أل 

بٕنى حايض انٓيذسٔجيالث نداخم انخشكيب انشبكى بطشيقت االحخباط  ْزا االَضيى حثبيج 

ييثيم بشٔباٌ كشيالييذٔ كشيهيك ٔاألٔانكٕبٕنيًش انًكٌٕ يٍ حايض األ انًُفشد كشيهيكاأل

كشيالييذ كؼايم سبظ بحيث عخخذاو انًيثيم ثُائى األإٔ باعخخذاو أشؼت جايا حايض انغهفَٕيك

نى فشكخٕص ٔكزنك حًج إانًثبج فى ححٕيم انجهٕكٕص  (يضٔييشيضأانجهٕكٕص  )يًكٍ اعخخذاو

ٔكًيت ػايم  َضيى انًطهٕبت كًيت اإل,ثيش جشػت انخشؼيغ أدساعت انُغبت انخشكيبيت نهكٕبٕنيًشاث ,ح

 نهحصٕل ػهى أػهى َغبت َشاط نإلَضيى انًثبج .انشبظ 

انحش حًج أيضا دساعت  ظشٔف انخفاػم انخاصت  باَضيى) انجهٕكٕص أيضٔييشيض( فى حانخيّ 

ٔانًثبج نًؼشفت األط انٓيذسٔجيُى انًُاعب نُشاط اإلَضيى ٔدسجت انحشاسة انًثانيت نٕعظ 

يى انًحًم أكثش ثباحا يٍ َظيشِ انحش ٔ أٌ اإلَضيى انًحًم ػهى انخفاػم. ٔ أثبخج انذساعت أٌ اإلَض

انكٕبٕنيًش انثُائى ٔ انًكٌٕ يٍ حايض األكشيهيك ٔ األكشيالييذٔ ييثيم بشٔباٌ حايض 

انغهفَٕيك أكثش ثباحيت يٍ اإلَضيى انًثبج ػهى انبٕنى أكشيهيك انًُفشد حيث أَّ يبقى يٍ َشاطّ 

ػذة يشاث فى حيٍ أٌ اإلَضيى انًثبج ػهى انبٕنى أكشيهيك % ٔرنك بؼذ إعخخذايّ 18األصهى 

% يٍ َشاطّ األصهى ٔرنك بؼذ يذة 18% يٍ َشاطّ األصهى.  ٔٔجذ أَّ أيضا يبقى 96يبقى 

%يٍ َشاطّ 88يٕو ٔ أٌ اإلَضيى انًثبج ػهى انبٕنى أكشيهيك يبقى  81انخخضيٍ انخى حجأصث 

 .َشاطّ األصهى بؼذ َفظ يذة انخخضيٍ % ي05ٍاألصهى فى حيٍ أٌ اإلَضيى انحش يفقذ 

يجى/ يم نإلَضيى انًثبج ػهى   88.0يجى/ يم ٔ  2692ٔبخؼييٍ قيًت ثابج ييكائيم ٔ ٔجذ أَٓا 

انكٕبٕنيًش انًكٌٕ يٍ حايض األكشيهيك ٔ األكشيالييذٔ ييثيم بشٔباٌ حايض انغهفَٕيك ٔ 

/ يم نإلَضيى انحش,ٔأثبخج انُخائج أٌ يجى 48انبٕنى أكشيهيك انًُفشد  ػهى انخشحيب كًا ٔجذ أَٓا 

يج/يم.ق ٔٔجذ أٌ قيًخٓا نإلَضيى انًثبج ػهى  4918قيًت عشػت انخفاػم نإلَضيى انحش 

ٔ  انكٕبٕنيًش انًكٌٕ يٍ حايض األكشيهيك ٔ األكشيالييذٔ ييثيم بشٔباٌ حايض انغهفَٕيك

 ػهى انخشحيب. 5986ٔ  899انبٕنى أكشيهيك انًُفشد ْى 

اإلشؼاع انًؤيٍ, انبهًشة, حثبيج اإلَضيًاث, احخباط اإلَضيى داخم انخشكيب   -: الكلماتمفتاح 

 انشبكى نهٓيذسٔجيالث , انجهٕكٕصأيضٔييشيض.

 



 
 رسالة ماجستير

 راندا دياب محمد: إسم الطالبة
يس اداء ثعض الوواد الفعبلخ لزثجيذ رحعيي ورطو"   عنوان الرسالة:

 "االًصيوبد ثواظطخ االشعبع الوؤيي

 الحيوى هبجعزيس في الكيويبء إسن الذرجت: 

 

 *لجنت اإلشراف*

جبهعخ  –كليخ العلوم –الحيويخأظزبذ الكيويبء  : حياة هحوذ شرادةأ.د.  

 حلواى

 –كليخ العلوم –الحيويخأظزبذ الكيويبء  : سوسن احوذ عبذ الحلينأ.د.  

 حلواىجبهعخ 

 

 –أظزبذ الكيويبء اإلشعبعيخ   أ.د. السيذ احوذ عبذ العسيس حجازى :  

هيئخ الطبقخ  – ظبثقب   اإلشعبع الوسكص القوهي  لجحوس و ركٌولوجيب زئيط 

 الرزيخ

 

ثقعن  –الكيويبء اإلشعبعيخأظزبذ هعبعد  / هناء كوال هحوذ    :.م.دأ.

هيئخ  -الوسكص القوهي  لجحوس و ركٌولوجيب  اإلشعبع  – كيويبء الجوليويساد

 الطبقخ الرزيخ

 

 *لجنت الخحكين*

 

 الدزاظبد العليب:

 خزن اإلجبشح:

 هوافقخ هجلط الكليخ:                                                                  

 3102أجيصد السظبلخ ثزبزيخ :    /     /     

   3102/ :           /     هوافقخ هجلط الكليخ



 

 
 

 

  زاًدا ديبة هحودإسن الطالبت:  

 

 العلومإسن الكليت:  

 

 حلواىالجاهعت:  

 

 ثكبلوزيوض علومالذرجت العلويت: 

 

 حيوى الكيويبءالقسن الخابع له:  

 

 3112سنت الخخرج: 

 

 سنت الونح: 

 

 

 

 

 

 

 

 

 



 
 

داء بعض الوواد الفعالت لخثبيج االنسيواث بواسطت االشعاع أححسين وحطوير 

 الوؤين.

 زظبلخ هقدهخ إلي 

 

 حلواىجبهعخ  –كليخ العلوم 

 

 كوزطلت جصئي للحصول علي دزجخ الوبجعزيس في الكيويبء

 

 

 هقدهخ هي

 

 

 رانذا دياب هحوذ
 (كيويبء حيوى / ثكبلوزيوض علوم )كيويبء
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