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Bu calismada, Chaetomium erraticum dekstranaz (CED) enzimi adsorpsiyon yontemi
kullanilarak ¢-MWCNT f{izerine immobilize edildi. Immobilizasyon tamponunun pH ve molaritesi, c-
MWCNT miktar1 ve immobilizasyon siiresi gibi immobilizasyon kosullarinin optimize edilmesi %100
immobilizasyon verimi ve %114.15 aktivite verimi ile sonuglandi. Serbest ve immobilize CED'in
karakterizasyonu da incelendi. Immobilizasyondan sonra CED'in optimum pH's1 5.0'dan 6.0'a kayarken,
optimum sicakligi (55 °C) degismedi. Ayrica, serbest ve immobilize CED i¢in, Lineweaver-Burk grafigi
kullanilarak kinetik sabitler de belirlendi. Serbest ve immobilize CED'in K, degerleri sirastyla 56.18 g/L
ve 65.36 g/l ve V,,,x degerleri ise sirasiyla 523.56 pg indirgeyici seker/L.dk.ve 595.24 pg indirgeyici
seker/L.dk. olarak hesaplandi. Diger taraftan, tekrarlanan 20 kullanimdan sonra ve optimum depolama
kosullarinda 30 giin depolamadan sonra immobilize CED'in baslangi¢ aktivitesinde bir azalma
olmamigtir. Son olarak, serbest ve immobilize CED kullanilarak, %10 dekstran ¢ozeltisindeki (pH 6.0)
dekstranin sirastyla %17.15'i1 ve %17.53"niin 12 saat icinde indirgenmis sekerlere (IMOs ve Glukoz)
doniistiirtildii. Sonug olarak, bu calismada elde edilen immobilize CED, IMOs'un endiistriyel iiretiminde
ve dekstranin hidrolizinde kullanilabilir.

Anahtar Kelimeler: Chaetomium  erraticum, dekstranaz, Dextran T70, immobilizasyon,
izomaltooligosakkaritler, c-MWCNT,
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ABSTRACT
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In this study, Chaetomium erraticum dextranase (CED) enzyme was immobilized onto c-
MWCNT using adsorption method. Optimization of the immobilization conditions such as the pH and
molarity of the immobilization buffer, the amount of c-MWCNT and the time of immobilization resulted
in 100% immobilization yield and 114.15% activity yield. Characterization of free and immobilized CED
has also been studied. After immobilization, the optimum pH of the CED shifted from 5.0 to 6.0, while
the optimum temperature (55 °C) did not change. Kinetic constants were also determined for free and
immobilized CED using the Lineweaver-Burk plot. The K, values of free and immobilized CED were
56.18 g/L and 65.36 g/L, respectively, and V.« values were 523.56 ug reductive sugar/ L.min. and
595.24 pg reductive sugar/L.min. On the other hand, there was no reduction in the initial activity of the
immobilized CED after 20 consecutive uses and 30 days of storage at optimal storage conditions. Finally,
17.15% and 17.53% of the dextran, in 10% dextran solution (pH 6.0), were converted to reduced sugars
(IMOs and Glucose) using free and immobilized CED respectively, in 12 hours. As a result, the
immobilized CED obtained in this study can be used in the industrial production of IMOs and in the
hydrolysis of dextran.

Keywords: c-MWCNT, Chaetomium erraticum, dextranase, Dextran T70, immobilization,
isomaltooligosaccharides



1. INTRODUCTION

Dextranase (o-1, 6-D-glucan, 6-glucanohydrolase; E.C.3.2.1.11) is an enzyme
which hydrolyzes the a-1, 6 glycosides linkages in dextran. Dextranase was found in
several species of institute in higher plants mammalian tissues, bacteria and fungi, the
fungal dextranase from Chaetomium erraticum have shown the best results on dextran's
treatment both in juices and syrups, Chaetomium erraticum is one of the beast fungi
among the other fungi to produce valuable enzymes biotechnologically because most of
the fungi have amylolytic and glucosidic activities and the ability to degradation of
carbohydrate the use of microorganisms, enzyme is ordinarily considered as

environment friendly (Sidebotham, 1974).

The first appearance of the dextranase in the sugar industry was suggested by
(Tilbury, 1971). More than 47 years ago, until today, when the enzyme was only
discussed and studied for the preparations of medicinal dextranase, used as substitutes
for blood plasma and more recently in the tooth to hydrolyze the dextran in the dental
surface (Clarke et al., 1997b; Mendez, 2000) have debated several benefits with

dextranase treatment.

The dextranase enzymes have many applications industrial such as medical and
food, in sugar production dextranase to break down dextran to product IMOs,
dextranase has extensive industrial application, however most of the time tough
ecological conditions adversely affect the functionality and stability of the enzymes

(Goulas et al., 2004b; Kubik et al., 2004; Thitaram et al., 2005).

There for tow enzymes must be used for the production of IMOs from sucrose,
dextransucrase to convert sucrose to dextran (Goulas et al., 2004b) and dextranase to
produce IMOs from dextran (Kubik et al., 2004). Dextran are undesirable compounds
synthesized from sucrose by microbial contaminants during sugar production that
increase viscosity of the flow and decrease industrial recovery, Dextran T2000 and
Dextran T70 that was analogous to that of Dextran T90 and Dextran T2000 and Dextran
T10, respectively a Dextran 500 or Dextran T500 is due to unforeseen circumstances
powerful inside propagation limitation and to some extent due to aggregate size
exclusion (Kim et al.,, 2011). Dextran was confirmed by the credibility European
Commission for employ as a novel food constituent in bakery off spring's afflicted

softness, crumb texture and loaf volume (Zannini et al., 2016).



This thesis study has been undertaken to forecast the immobilization CED on c-
MWCNT. Immobilized enzymes have been widely used in food biotechnology,
pharmaceutical, and chemical industries. The first immobilization enzymes it was
published in 1953 and since then this field has gained increasing importance, more
recently, enzymes have become attention for industrial application because of continue
efforts to decrease energy consumption. More food manufacturing or processing
applications would benefit from the availability of low-temperature enzymes. Enzymes
have the ability to control the speed of chemical reactions in our body digestion,
breathing, growth, reproduction, disease, healing, and blood coagulation (Corvis et al.,

2005).

One of the different ways of obtaining IMOs is digestion of dextran polymer by

immobilized dextranase enzyme.

Some methods are used for immobilization of enzymes such as covalent
attachment, adsorption, entrapment, and cross linking. In the way the development of
enzyme process, to employ the immobilized enzymes is best choise. Sundry procedure
is ready to immobilize enzymes on upholding in classical reaction equipment and these
one's techniques have also been applied to immobilize enzymes into a micro area in a
technology known as micro response technology for the industrial implementation of

dextranase (Tanaka and Kawamoto, 1999).

Several methods have been a suggestion to immobilize dextranase based on
entrapment in polymers, cross-linking, adsorption and covalent binding (De Segura et
al., 2004). According to Novick and Rozzell (2005), covalent immobilization is one of
the best ways to beat this issue. The main benefits of covalently immobilized enzymes
are those high operational and storage stability, but enzyme molecules linked to the
bearer by powerful interactions cannot leak from the support through manufacturing
industrial processes. The covalent immobilization of enzymes that is a well-known and
easy process during stimulates and activates (Katchalski-Katzir and Kraemer, 2000;
Miyazaki and Maeda 2006). It is renowned that different immobilization sum enzyme
kinetic like enzyme concentration (Finocchiaro et al., 1980) yet the glutaraldehyde
concentration leased midst enzyme immobilization impact the performance and the
thermo stability of the enzyme in reaction (Betancor et al., 2008) description of the

immobilized enzyme in order to compare together with free enzyme was done



procedures were also possessed for the expansion of a suitable batch hydrolysis of
dextran in order that runs plentiful reactions equal, which would aid in acquisition more

acquaintance during a moment or short time (Betancor et al., 2000).

Important note in sugar production is dextran pollution in the manufacturing
process and bring about various problems like: reduce the capacity and production of
crystallization and sucrose damages to the sugar molasses due to growing the viscosity
of the juice that product blockage in the process line. The most harmful effects of
elevated dextran concentrations in a technical sucrose solution are foreseen in the
crystallization practicability because the influence of dextran increases strongly with the

decrease of temperature (Clarke et al., 1997a).

The aim of this thesis study was the immobilization of CED on c-MWCNT for
the production of IMOs due to c-MWCNT have the following advantages when used as

support for immobilization of enzymes:
(1) They have a higher specific surface area to bind enzymes in larger amounts.

(2) Allows a variety of applications to modify the surface of carbon nanotubes by

functionalizing the surface with OH, COOH, NH,, F or other groups (Wei et al., 2007).

To this end, Chaetomium erraticum dextranase enzyme was first immobilized in
optimum conditions at the first stage of this study by adsorption method. In the second
step, the immobilized enzyme will be characterized by determining the kinetic
constants, optimum pH and temperature, pH and thermal stability, operational and
storage stability. In the third step, conditions of IMOs from Dextran T70 by using
FCED and ICED were optimized to try to achieve the highest possible conversion rate.



2. LITERATURE REVIEW
2.1. Dextranases (DXs)

Dextranases are significant enzymes for their specific use in the industry.
Dextranase that prepared from microbial used in chemistry, food technology, industry,
producing sugarcane, pharmacy and textile or immobilization enzyme, dextranase
enzyme that isolated from fungi, plant and bacteria are known for the production of
isomaltooligosaccharides (IMOs), dextran-hydrolyzing enzymes like Chaetomium
erraticum, Acinetobacter spp, Enhydrobacter aerosaccus, Enterobacteriaceae sp.,
Porphyromonas sp., Leuconostoc pseudomesenteroides, Leuconostoc citreum, Weisella
cibaria, Streptococcus equines, Streptococcus sp., Streptococcus parasanguinis sm21,
Bacillus licheniformis, Micrococcus luteus, Propionibacterium acnes, mammalian
tissues, Ascospheara apis, Gibberella fujikuroi, Beauveria bassiana, Penicillium sp.,
Fusarium sp., Fusarium acuminatum, Fusarium culmorum, Paecilomyces lilacinus,
Funalia trogii, Phanerochaete chrysosporium, Trichoderma viride, Trichoderma viride
A2, Trichoderma harzianum D2, H. insolens and Alternaria alternate (Mouafi, 2016;

Igbal et al., 2015; Zohra et al., 2015).

Fungi Chaetomium erraticum hydrolyze both dextran and sucrose to yield IMOs
and dextran (Thitaram et al., 2005). CED is one of the industrial enzymes and uses the
dextran polysaccharide as a substrate. CED is widely used in the food and sugar
manufactory industries, especially in the food industry. By using CED the dextran is
converted to IMOs (Goulas et al., 2004). CED is a member of endo-dextranases which
hydrolyze the glycosidic bond of dextran hydrolyses dextranase which is produced by
fungi and bacteria can catalyze the breakdown of organic molecules (like dextran) to

IMOs with the presence of water, by dextranase enzyme.

Enzyme, dextranase has the systematic name (o-1,6-D-glucan, 6-
glucanohydrolase; E.C.3.2.1.11) is an enzyme which hydrolyzes the a-1,6 glucosidic
linkages in dextran, the dextranase enzyme It is the more efficient method for
hydrolyzing the dextran at sugar mills especially in the made-up of Raw Sugar, the
application of commercial dextranase to fracture down dextran (Abdel-Rahman et al.,

2008; Aslan and Tanriseven, 2007b).

The high viscosity observed at the tip or high dextran focus also leads to the

issue of sugar crystallization that's problem in sugar processing all togetherness of
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dextran consumes almost four units of sucrose and hence it much affects the yield there
is a considerable boost or increase of dextran and reducing sugars, with a concomitant
lower in pH and sucrose proportion, over the trajectory of cane left to stale over sundry
days, dextran, an extracellular glucose homo-polysaccharide, has been shown to
interfere with downstream processing in sugar production and can result in significant

losses in the recovery of sucrose (Hector et al., 2015).
2.1.1. Source of dextranase (DX) and microbial (DX) structure

The primary sources of dextranase (DX) are microorganism's fungi and bacteria
(Table 2.1). Dextranase has been used for hydrolyzing dextran at sugar mills in order to
improve efficiency of sugar production (Purushe et al., 2012; Eggleston et al., 2005).
CED is an endo-dextranase which hydrolyzes 1,6 glucosidic linkages in dextran shows
the best results on dextran hydrolysis in juices and syrups. Structure of CED is shown in

Figure 2.1.
2.1.2. Mechanism of dextran hydrolysis using dextranase

Typically, enzymatic hydrolysis dextranase synthesis by more fungi is induced
in the turnout of dextran. Dextran is a chemically and physically complex polymer,
hydrolysis of which is carried out by a diversity of dextranases, about 90% of the
substrate dextran was transformed to isomaltose or isomalto-oligosaccharides in a 4-h

period at 40 °C (Madhu and Prabhu, 1984).

Table 2. The source of dextranases

Source Name Microbial to produced Dextranase References
Fungal Chaetomium erraticum Frank and Hans-joachim, 2007;
Penicillium aculeatum Gibriel etal., 2014
Hypocrea lixii
Bacteria Brevibacterium fuscum Sugiura and Ito, 1974;
Aspergillus subolivaceus El-Tanash et al., 2011;
Aspergillus awamori F-234 Foukia et al., 2016

(A. niger F-93, A. fumigatus F-993, P. funculosum
NRC289, T. koningii F-25 and A. awamori F-234),
Bacillus licheniformis

Plants mammalian tissues Foukia et al., 2016

Yeast Lipomyces starkeyi Koenig and Day, 1989




\ N-terminus
= a P

Fig.2.1. Crystal structure of Dextranase Dex49A from Chaetomium erraticunm (Huang et al., 2015;
Khalikova, et al., 2005).

Dextranase (1-6-a-D-glucan6-glucanohydrolases or glucanases, are the enzyme
that specifically hydrolyze a-(1-6) linkages in dextran. Since many dextrans contain a
relatively high concentration of secondary linkages, other than a-(1-6), and enzyme that
can break (1-2), (1-3) and (1-4) linkages in dextran, is also included together with true
dextranase. The hydrolysis products of dextran by dextranase are glucose with
dextranase, isomaltose and isomalto-oligosaccharides' (Mao et al., 2012; Jaiswal and

Kumar, 2011). The reaction mechanism is shown in Figure 2.2.

CED has been used in a study for immobilization of CED to consider the
optimization of process provisions for enzymatic hydrolyzing dextran at sugar
manufactory in order to progress or improve the efficiency of sugar production. The
application of dextranase in the sugar manufactory industry to degrade dextran into

smaller molecules was suggested by Tilbury (1971) and by Tilbury and French (1974).

In this way, the average molecular weight of dextran produced by CED can be
modified by alteration of substrate concentration, pH and temperature. However, the
optimal pH and temperature immobilization were pH 6.0 and 60 °C respectively. These
results indicate is a novel GH31 dextranase with high trans glucosylation activity

(Zhang et al., 2017; Gozu et al., 2016; Gutiérrez et al., 2016).
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Figure 2.2. The reaction mechanism of dextranase of dextran hydrolysis (Leemhuis et al., 2013).

The o-glucans produced by dextransucrase and dextranase has the added
characteristic of being indigestible by human stodgy enzymes are categorized classified

as fiber (Leemhuis et al., 2013).

In a factory, dextran slows culmination the crystallization aggregate or even
prevents crystallization. The decline of crystallization warmth is eligible for energy
parts, however, is not viable on the occurrence of dextran but the weight of dextran

boost strongly with the reduction of temperature (Anekella, 2012)
2.2. IMOs

The manufacturing IMOs crop of the enzymatic hydrolysis of dextran into great
IMOs, followed by the progress of dextranase, which catalyzes the change of the non-
reducing glucosyl moiety of dextran to the 6-OH group of glucose delivered by
hydrolysis, the non-reducing glucosyl piece of dextran or any a-glucooligosaccharide
instant in the solvent (Goffin et al., 2011). Dextran decrease depressed the
crystallization rate or even inhibits crystallization due to enzyme dextranase to provide
IMOs. The purpose of commercial dextranases to split dextran to result in IMOs. IMOs
are good food additives according to (Gericke et al., 2016; Goffin et al., 2011) because

of they have many biological functions like:

e Preferment of the majority of Bifidobacteria in the big intestine of humans and
animals and modification of the cariogenic influence of sucrose, larger
carbohydrates as starch, maltose, sucrose, and dextran, acceptor reactions of

dextransucrase or processing of sucrose amidst dextransucrase and dextranase also
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gives rise to IMOs (Kaneko et al., 1994).

e [MOs are used in biscuits, cakes, food bars, as sweeteners and as an additional
prebiotic fiber in some commercial foods to impart the required flavor (Gericke et
al., 2016).

e [IMOs at a dose of 15-20 grams per day prevent abdominal bloating, nausea,
excessive gas formation, constipation, diarrhea, bone erosion and colon cancer;
especially tooth decay (Oku and Nakamura, 2003).

e IMOs can be added as dietary fibers in certain mercantile foods (Lattimer et al.,
2010).

e IMOs are prebiotic and that is more advantageous to the increase of propitious
bacteria in the colon (Hutkins, 2016).

e IMOs has approximately semi the calories of sucrose and it unites fiber to the
meal,

e IMOs also killed off deleterious bad-bacteria, whose involve bacteria such as
Shigella, Escherichia coli, and salmonella (Bouhnik et al., 2004).

e IMOs has also been shown to help the body's capacity to absorb metals from food
and nutrition or IMOs are added to processed foods to improve the bulk and
texture (Kaneko et al., 1992).

e IMOs have effect to reduce cholesterol and triglycerides in the body and blood,
after then the organization. Metabolism especially human sex organization
(Kohmoto et al., 1992).

e IMOs are not fermentable by flat mouth bacteria in order to it does not help

surface tooth decay.

IMOs are generally synthesized by neopullulanase from starch and by dextranase
from dextran (Sankpal et al., 2001; Mahmoud and Helmy, 2009) which will contribute
to the technological development of our country, it's too important for food production

industry, medicine and health sectors.

Aacceptor reactions have been widely studied for the production of IMOs from

glucose, maltose, isomaltose, isomaltotriose, panose and kojibiose.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4162893/#CR31

2.3. Properties of dextranase

2.3.1. Effect of temperature and pH on the free and immobilized dextranase activty

Many enzyme stability in a wider range of pHs between (1-12) some be stable in
acidic conditions and other be stable in the basic condition and temperature and
tolerance to a variety of organic solvents and more factors to affect growth microbial
such as water activity, moisture content, temperature, pH, oxygen levels, and

concentrations of nutrients to product enzymes (Tingirikari et al., 2017).
2.3.2. Dextranase kinetics

The topical of Michaelis—Menten kinetics with K,, and V,,,, values are to know
the specificity of the enzyme towards several or different substrates which are used to
differentiate the enzymes from several sources. The kinetic characteristics of one of the
dextranase were studied. Two activity assays were compared to determine the kinetic
parameters, this is about K,,, also for K, determination advantages to recognized the
standard condition of enzymatic effect, as well as it informs the relative suitability of
other substrates against a particular enzyme being characteristic of enzyme affection

towards the substrate (Wang et al., 2014; Jeanningros et al.,1976).

Virgen-Ortiz et al., (2015) reported K, and V,,,,x values estimated as 2.6 + 0.1%
and 2280 + 9/mol min/mg protein, respectively from the, Dextranase catalyzed
hydrolysis of dextran followed Michaelis-Menten kinetics., (Aslan and Tanriseven

(2007b) reported Kinetic parameters were also determined with

Table 2.2. The optimum temperature and pH stability of microbial dextranase from different sources

Sources Optimum temperature (°C) Optimum pH References
Chaetomium erraticum 50-55 5.0-6.0 Jiménez, 2009
Chaetomium erraticum 50-55 5.0-5.5 Naessens et al., 2005
Chaetomium erraticum 55-60 5.2-6.0 Virgen-Ortiz, 2015

Chaetomium gracile 60 5.0-6.0 Clarke et al., 1997b
Chaetomium erraticum 30 5.4-6.0 Erhardt et al., 2007




Lineweaver—Burk plot, The K, values for dextran of soluble or immobilized
enzyme are 13.1g and 15.7g dextran L—1, respectively. Vi.x for free and immobilized
enzyme are 4.4g and 4.0 g IMO L—-1 min—1, respectively. Kinetic parameters (K,, and

Vmax) Were calculated fitting the initial rate values to the Michaelis—Menten equation:
V=V..[S] (K., +[S]) —1

Kinetic constants, K,,, and V,,,,, of the dextranase were determined by changing
the dextran substrate concentration. Lineweaver —Burk double reciprocal (1/V versus

1/S) plot was constructed to calculate the K;,, and V,,,. With a slope of K,,/V};,4 and

the intercept of 1/V,,, estimated K, and V,,,, values were calculated as given in

double-reciprocal plot. (El-Tanash et al., 2011)

Enzymes are protein molecules which serve to accelerate the chemical reactions
of living cells, Enzymes have been used in the food industry since centuries. As a result
of the developments in biotechnology, today they have also found application areas in
the pharmaceutical and chemical industries. Immobilization of enzymes is of great
importance in the processing and analysis of food (Tiimtiirk, et al. 2007; Khan and

Alzohairy, 2010).

Immobilization enzyme means movement or inactivation, and this is a fully
immobilized enzyme; an enzyme immobilized physically on a solid support through
which a substrate is transferred and converted to product. Immobilized enzymes can
operate at a multi-point pH and temperature range and exhibit higher thermal stability
than native ones; multi-point, multi-subsided immobilization, or the creation of

appropriate environments.
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Figure 2.3. Double reciprocal plot of 1/v versus 1/[S]
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2.4. Immobilization of enzymes

Reactions in which the composition can be accurately monitored, changing
conditions and physiological (e.g. temperature, pH, coenzyme concentrations)
throughout the reactions. Inactivity makes it easier to recapture and reuse costly
enzymes in many applications in economic practice and allows for continuous, fixed

bed operation. Another benefit is usually an increase in stability (Sheldon, 2007).
2.4.1. Advantages and disadvantages of enzyme immobilization

Immobilization enzymes are actually the case of considerable interest in order

that their advantages or goods of using immobilized enzyme are shown below:

v' The reaction can be separated from the environment by simple methods, or easy
separation from reaction mixture,

v' More resistant to high temperature, pH and thermal stability,

v" Enables the implementation of continuous processes,

v' Can be used repeatedly, or Re-use of enzymes for many reaction cycles,

v' It can protect its activities for months in storage conditions,

v" Reduces product cost,

v' Enables pure product handling,

v’ It is possible to selectively synthesize some materials,

v Product inhibition can be avoided,

v" Wider choice of reactor design.

v" Control of biocatalytic microenvironment, protection from shear forces and air
bubbles, limitation of side reactions multienzyme immobilization charge of
matrix can enhance substrate affinity,

v" The other major advantages include greater control over enzymatic reaction as
well as high volumetric productivity with lower residence time, which are of
great significance in the food industry, especially in the treatment of perishable
commodities as well as in other applications involving labile substrates,

intermediates or products

In spite of the advantages, the first approach to overcome these disadvantages
has been to add stabilizers pumped into the water. Metals, surfactants, proteins, amino
acids and some sugars are added to the enzymes. This inhibitory contribution is due to
the fact that non-covalent, however, no additional compound is present in this assay
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when the same enzyme is used 50 times more. The immobilization process has its
shortcomings, for example; decline of the enzyme action subsequently immobilization
or infiltration of the enzyme from the matrix, thus industrial applications are limited due

to some disadvantages and these disadvantages are listed below:

v Wastage of enzyme action as a result of immobilization progression or wastage
of biocatalyst in unsteadiness of material support mass transfer limitations
(substrate) and restriction to smaller molecules Immobilization in particles may
result in reduced access of macromolecules

v' Capital recruitment required to present up-to-date equipment for implanting
process.

v Immobilization costs (carriers may be not cheap immobilization techniques
need fine tuning for each enzyme/cell type, The immobilization of biocatalysts
consequences in non-incentive dry quantity of above 90% and hence decreases

the volumetric and space-time yields (Tanaka and Kawamoto, 1999).
2.4.2. Methods for enzyme immobilization:

Many methods use for immobilization enzymes can also effect the kinetic
parameters of the immobilized enzyme (Samoshina et al., 1987), all immobilization
techniques are classified in to two as chemical and physical methods (Brahmachari,
2017). The methods used for immobilization of enzymes include adsorption,
entrapment, cross-linking and covalent attachment are seen in Figure 2.4 (Tanaka and

Kawamoto, 1999).

Enzyme immobilization methods are generally classified according to the type

of binding reaction (Brena et al., 2013). Accordingly, enzyme immobilization methods

Figure 2.4. Methods of enzyme immobilization. A. Entrapment, B. Encapsulation. C. Adsorption, D.
Cross-linking, E. Covalent Linking (binding).
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are mainly divided into four main groups: Adsorption, entrapment, cross-linking
covalent bonding with bi-functional reagents (Tanaka and Kawamoto, 1999) (Figure

2.6.).
2.4. 3. Physical adsorption and ionic binding

The adsorption method is to bind the enzyme to an inert matrix with the weakest
attraction forces. Adsorption is a simple and economical method of immobilization.
Immobilization is carried out by mixing the enzyme solution with the matrix at the
appropriate pH and temperature. Weak bonds (van der Waals and hydrogen bonds) are
formed between the enzyme and the matrix, and the enzymes are easily separated by the
matrix. Ion exchangers easily adsorb proteins and are widely used for enzyme
immobilization. But its simplest immobilization method is simple, simple and
inexpensive, one of the important features of this technique, which is of great
significance, is that, unlike ionic binding, hydrophobic interactions are usually

stabilized by high ionic concentrations (Brena and Batsita-Viera, 2008).

Physical adsorption and ionic bonding are less conformational change of the
enzyme and adsorption method, pore diffusion limitations will not be because the
enzymes are externally immobilized on the support or carrier, but their disadvantages
are the absorption of ineffective adsorption and adsorption such as physical adsorption

and ionic binding and interactions, and enzyme leakage when the affinity is weak.

Physical adsorption and ionic bond immobilization of protein with epoxy
support, metal-chelate formation, ion exchange and others have been investigated for
this purpose in various commercially available ion exchange modifiers, In contrast to
ionic bonding, one of the most important, hydrophobic interactions, stabilized with high

ionic concentrations (Rivero et al., 2017; Guisan, 2013).

Ease of technique and obtaining great efficiency arrangements due to the

surrounding circumstances can be the advantages of ionic binding method. Hence, the

Figure 2.5. A carrier by adsorption and ionic binding (Costa et al., 2004)
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ionic binding does little changes in the conformation and the active site of enzyme. The
enzyme protein and carrier bind lower activity than in covalent binding, the leakage of

enzyme may appear by converting the pH or the ionic strength (Costa et al., 2004).
2.4.4. Covalent binding

Enzymes can usually be immobilized with amino, hydroxyl, carboxyl, phenolic
groups or imidazole groups, threonine group, indole group. Covalent bonding to a large
number of natural and artificial rigid matrices, Covalent bonds among the enzyme
remain and carrier (e.g. silica, wood chips, controlled pore glass) (Katchalski-Katzir and

kraemer, 2000).

The matrices containing the active groups are immobilized by treatment with
appropriate buffer solution enzymes. Urethane pre-polymers are commonly used in
covalent immobilizations. Pre-polymers are obtained from the reaction of disocyanate
derivatives with various compounds containing active hydrogen (glycol, polyglycol,
polyol), (Brahmachari, 2017) and there are isocyanates when the pre-polymers are
treated with water, the polymer in the sponge-like structure forms. When the enzyme is
present in the medium, the isocyanate groups form covalent bonds with the active

hydrogen-containing groups of the enzyme (Phathk et al., 2012).

Enzymes like dextranase, glucose oxidase, peroxidase, invertase, etc. have been
immobilized using these technique different matrixes and techniques have been used for

the covalent immobilization of dextranase.

The advantage of this method is most stable nature of bonds created amidst or
between enzymes and beds (matrix) the enzyme is not released into the solution at use

(Husain, 2010).
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Figure 2.6. Covalent binding between the enzyme and carrier (Brahmachari et al., 2017)
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The immobilization enzymes are typically very constant at conditions pH range
and temperature and no enzyme permeation. The covalent binding should also be
optimized so as not to convert its conformational plasticity. However, disadvantages
covalent bindings are matrix and enzyme are not reconstitute major lack of activity can
be denied by covalent bonding through the carbohydrate moiety when a glycoprotein is

interested (Albayrak and Yang, 2002).

In her either natural polymers, such as modified cellulose, starch, dextran, agal
polysaccharides, collagen, and gelatin; or they can be synthetic, such as polystyrene,
polyacrylamide, polyacrylates, hydroxyalkyl methacrylates, and polyamides. Inorganic
supports can also be used, such as porous glass, metal oxides, metals, sand, charcoal,
Eupergit C, and Eupergit CM. Currently the immobilization processes that easy, in the
Food Industry for e.g. application dextran hydrolysis production of sugar hydrolysates
isomaltooligosaccharides (IMOs) by dextranase. Few other approaches including
covalent binding, adsorption, entrapment, and cross-linking of the enzymes require to be
tried out, some passed already to production scale but are not yet available and glucose
isomerization granules of glutaraldehyde cross-linked microbial cells homogenates with

glucose isomerase activity (current) (DiCosimo et al., 2013; Aslan et al., 2007b)
2.4.5. Entrapment

Entrapment's a standby type of immobilization method; however, the technique
is more complex, the support itself may have several morphologies and one
differentiates amidst surface engagement and trellis entrapment. Alginates are anionic,
linear, branched, and cyclic, composed of a (1.4) -L-glucuronic acid (GA) and 8 (1,4) -
D-mannuronic acid (MA) units gained from brown seaweed (Phaeophyceae, mainly

Laminaria Hyperborea) polysaccharide (Blandino et al., 2001).

The chemical structure of the alginate molecule is shown in (Figure 2.7.) The
ratio and sequence of the GA and MA monomers in the alginate molecules varies
according to the source from which alginate is obtained. Alginates form gels in aqueous
solutions by ionic bonding with divalent cat ions such as Ca? *.Gel formation occurs as
a result of the cooperative binding between the carboxyl groups of the GA's in the
different alginate chains. Using alginate, enzymes can be immobilized by various
methods. Enzyme, alginate calcium alginate beads are formed when they are added to

the calcium chloride solution. When the enzyme is mixed with calcium chloride and
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dropped into alginate solution, calcium alginate capsules are formed. When the enzyme-
alginate-glycerol mixture is injected into the calcium chloride solution in the form of a
syringe, calcium alginate fibers are formed. The pore size of the resulting bead, fiber or
capsule depends on the concentration of alginate and calcium chloride solution used.

(Rehman et al., 2016).
The polymers used in the Entrapment they belong to three major groups:

v' Polysaccharides; dextran, starch, agar, agarose and gelatine carrageenans,
cellulose, gellan, chitosan, alginates (not dextran is extremely hydrophilic and
more stabilized over a spacious range of pH (i.e., alkaline conditions and mild
acid) and its lazy degradation by human enzymes as compared to other
polysaccharides and specific split by microbial dextranase in the relating to the
stomach and the intestine or gastrointestinal tract (Riahi et al., 2017).

v Proteins; collagen, albumin, and gelatine. The liposome type employs
entrapment (Chen and Ou-Yang, 2004).

v' Merging enzymes into the network of a semi- artificial polymers; epoxy resins,
poly acryl amides, silicones, polyvinyl alcohol, polyurethanes and nylon
permeable gel or enclosing the enzymes in a semi-permeable polymer membrane
(Brahmachari et al., 2017).

v The entrapment strategies are simple to conduct due to Enzyme Immobilization
by Entrapment during a gel network (Brady and Jordaan, 2009).

In this case, the enzyme is not binding to the matrix or film these methods
different from the anther methods to immobilization enzyme itself does not bind to the
membrane or gel matrix, so the advantage of entrapment form immobilization enzymes

has a wide enforcement ability, gel matrix in entrapment methods fast process of

Ho o

Figure 2.7. Molecular structure of alginate polymers. GA: Gluronic acid, MA: Mannuronic acid
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immobilization, no expensive, easy to pursuit at little scale modest stipulations are
required, lesser chance of conformational changes in enzyme, can be used for sensing

implementation (Guisan, 2013; Lopez-Gallego et al., 2013).

The disadvantage of entrapment form immobilization enzymes such as, poison
publishing limitation problems between substrates and off spring's and infiltration of
enzyme chance of microbial contamination not much success in industrial process

(Guisan, 2013).

An alginate beads was used to immobilize dextranase through the entrapment
technique as described by Frank and Hans-Joachim (2007) and dextranase from P.
aculeatum was immobilized by entrapment in polyacrylamide gel, hydroxyapatite and
alginate beads (Gibriel, 2014) and results of Penicillium aculeatum NRRL-896
dextranase immobilization by entrapment in polyacrylamide were higher than that
reported for other immobilized P. funiculosum 258 dextranase by entrapment in

polyacrylamide (Mohamed et al., 1999).
2.4.6. Cross-linking

In this style of enzymes immobilization is too named as co-polymerization,
Cross-linking enzyme immobilization (Figure 2.9) is related by covalent bonds in the
midst different groups of enzymes via many-functional reagents in these styles different
to other methods due to no use matrixes or support implicated in the way of

immobilization enzymes (Dong and Zhang, 2017).

Commonly used multifunctional reagents are heterogeneous catalysts which are
amino acid NH2 groups or are typically glutaraldehyde, which reacts with amino groups
of enzymes such as glutaraldehyde, aldehyde, dextran, and which reacts with aggregate

cross-linked enzymes (which form CLEs) which are insoluble in aggregates or a lot of

xR /N
(PN 19 ¢\
\3¢/) \»
o

(a) Entrapped in a matrix (b) microencapsulation

Figure 2.8. Entrapped in a matrix and microencapsulation between matrix (carrier) and enzymes

(Hill, 1991)
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cross-linking reagents such as glutardialdehyde, aldehyde, carbodiimide, and sulfate-de
(Brahmachari et al., 2017 and Kim, 2007). Glutaraldehyde is the cross-linking reagent
used for this purpose (Klibanov, 1983).

In the cross-linking method turnout of an indolent protein or an inert protein
such us bovine serum albumin (BSA), collagen and gelatin in this way cross-linked
protein competence be easily separated by centrifugation the technique established by

(Babu and Panda, 1991).

Aldehyde groups in the bi-functional glutaraldehyde molecule react with the
amino groups of the enzymes to cross-link the enzymes. Cross-linking can occur
intermolecular or and protein precipitates. The cross-linked protein can be easily
separated by centrifugation (Klibanov, 1983). However, starting conditions of the
biocatalyst (concentration of reaction components, temperature, reaction time and
organic solvents) are given more stable between of carrier-free immobilized enzymes
and lipase and penicillin amidase are used as cross-linked enzyme crystals as cross-
linked enzymes trypsin, and papain, the penicillin acylase and cross-linked spray-dried
enzymes as the cross-linked enzyme from the aggregates are the best known enzyme
cross-linked products This procedure allows enzymes to be immobilized without the use
of a carrier, which not only decreases the cost, but also avoids “dilution” of the

enzymes' activity (Panesar et al., 2010; Sulek et al., 2011; Cao et al., 2003).

Usefulness in this Cross-linking is biocatalyst settlement, plain and inexpensive
or cheap but not predominating used with neat enzymes and high qualification; this
process is widely utilized in industrial implementations but disadvantage or demerit of
this whey is that the bi-functional reagents used for cross linking the enzyme may
denature or structurally modify the enzyme leading to the loss of activity due to the
participation of the active site in bound figuration (Guisan, 2013; Cowan and Ferendez-

lafuente, 2011).

AL

Figure 2.9. Cross-linking immobilization enzymes between bi-functional reagents and covalent bonds in
the midst different groups of enzymes (Xiuyun and Shunichi, 2013)
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Immobilized dextranase are also used in processing sugar industry by cross-linking

dextran used to products isomalto-oligosaccharides (Gibriel, 2014).
2.5. Enzyme immobilization with cc-MWNT

Nanoparticles are excellent matrices for enzyme immobilization (Prlainovic et
al., 2013) because they have high surface area and mechanical stability, which are
interesting and important features for the immobilization process. There are numerous
studies in the literature about the use of single-walled carbon nanotubes (SWCNTs) and
multi-walled carbon nanotubes (MWCNTs) in adsorption and covalent binding methods
for enzyme immobilization. Immobilization by adsorption is carried out by incubating
the enzyme solution with the matrix-containing buffer solution at the appropriate time
(Garlet et al., 2014). In covalent immobilization (Figure 2.10), the carboxyl (-COOH)
groups on c-CNTs are first activated by N-ethyl-N'-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDAC). The enzyme molecules are then matrically linked
through these groups (Yin et al., 2009). The enzyme immobilization studies with c-

MWNTs are summarized in Table 2.3.
2.6. Previous studies related to immobilization of CED

Immobilization of CED by covalent attachment, physical adsorption on various
carriers including Eupergits, silica gel and bentonite reported by Erhardt and Jérdening

(2007) and on Ca-Alginate gels by Bashari et al., (2014).

In some study with c-MWCNT, enzyme immobilization resulted in 5 times
(Jamie et. al., 2016) and 12 times (Zniszczot et al., 2016) increases of the activity.
Therefore, in this thesis study, immobilization of CED on c-MWCNT by adsorption

method was investigated.
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Figure 2.10. Enzyme immobilization with c-MWNT
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Table 2.3. Immobilization studies using c-MWCNT

Immobilization

Activity

Operational

Storage

Enzyme yield (%) vield (%) | Stability (%) | stability (%) | References
Aspergillus niger Not Not Not Not Soo-Keun et
glucose oxidase determined determined determined determined al., 2005
Candida antarctica Not Not Not % 55 after 6 Pavlidis et
lipase B determined determined determined months al., 2010
Papain from 18.8 78.9 61 after 7 Not Wang et al.,
Genview, USA ' ' using determined 2011
Candida rugosa 52 48 Not Not Rastian et
lipase determined determined al., 2013
Aspergillus niger 90 Not Not 100 after 5 Garlet et al.,
inulinase determined determined weeks 2014
Candida rugosa 123,7 after 7 Not Rastian et
lipase 86.7 492.5 using determined al., 2014
fungal peroxidase 100 de teTrggne d Ojst}zrgg 34 after 40 Azze(;/ le ;10,
a-Amylase ve Not determined 95 1 95.1 a}fter 8 NO'F Feng et al.,
glucoamylase using determined 2015
Candida rugosa 85.6 500 Not Not Jamie et al.,
lipase ) determined determined 2016
Pseudomonas 59 1200 60 after 8 Not Zniszczot et
fluorescens lipase using determined al., 2016
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3. MATERIALS AND METHODS
3.1 Materials

Chaetomium erraticum Dextranase (E.C.3.2.1.11) which have standardized to
30,000 units/ml activity was provided as a gift by Bio-Cat (Troy, USA). Dextran T70,
purchased from Carl Roth GmbH-Co. KG. Polyvinylidene di fluoride (PVDF)
membrane (48mm and 0.1 pm) were purchased from Co. (Cork, Ireland). Carbon
nanotubes were purchased from Grafen Co. (Ankara, Turkey). UV-VIS Spectrometer
(UV-6300PC) was purchased from VWR (Radnor, USA). PH meter (Hanna HI 2020
edge), was purchased from Hanna Instruments Ltd. (Bedfordshire, UK). The magnetic
stirrer (Heidolph MR Hei-Standard) was purchased from Heidolph UK-Radleys (Shire
Hill, UK). Pure water appliance (Mini Pure 1, MDM-0170) was purchased from MDM
Co. Ltd. (Suwon-si, South Korea). Precision scale (Shimadzu-ATX224) was purchased
from Shimadzu Corporation (Kyoto, Japan). Orbital shaking heated incubator (Mipro-
MCI) was purchased from Protek Lab Group; professional laboratory solutions
company (Ankara, Turkey). The vacuum pump (Biobase, GM-0.50A) was purchased
from Biobase Biodustry Co. Ltd. (Shandong, China). Bovine Serum Albumin (BSA),
sodium hydroxide, sodium dihydrogen phosphate, hydrochloric acid, sodium sulfite,
phenol, and D-glucose were purchased from Sigma-Aldrich (Tauftkirchen, Germany).
3.5-dinitrosalicilic acid (DNS) was purchased from Alfa Aesar (Kandel, Germany).
Sodium potassium tartrate (Rochelle salt) was purchased from VWR Prolabo Chemicals
(Leuven Belgium). Sodium azide was purchased from Merck Millipore (Darmstadt,
Germany).
3.2. Methods

3.2.1. Determination of protein

The quantities of proteins, amounts of an enzyme in the immobilization
solutions before and after immobilization will be determined according to Bradford

Protein Assay Method (1976) method using UV-VIS Spectrometer.

Accordingly, the 100 pL samples were added to 3 mL Bradford reagents at 45
minutes at room temperature after than for measuring the protein amount by using
Bradford reagents to protein assay protocol read at 595 nm by using UV

spectrophotometer. The amount of immobilized enzyme protein was checked from the
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difference between the amount of protein used for immobilization minus that recovered

into the supernatant plus washings (Manjon et al., 1995).

Immobilization the binding and activity yields using the amounts of enzyme in
the immobilization solutions before and after will be calculated using the following

Eequations:

o ] Enzyme used - enzymein filtrate
Immobilization Yield (%) = x100 (3.1)

Enzyme used

R Activity of immobilized enzyme
Activity Yield (%) = x100 (3.2)
Activity of soluble enzyme

3.2.2. Determination of dextranase activity

In this case, 1% (w/v) of dextran solutions prepared 5 mL 25 mM sodium
dihydrogen phosphate buffer (pH 5 for free enzyme and pH 6 for immobilized enzyme)
was reacted with 0.2 ml/L of free or 0.785 g the immobilized enzymes having 19.41 TU
and 22.15 IU dextranase activities, respectively at 55 °C for 60 min in an incubator
shaking rate 150 rpm. 200 pL of samples from reaction mixtures were added to 1.8 ml
of distilled waters and boiled for 10 min in bath boiling to inactivate the dextranase after
than add DNS and R.S. The amount of D-glucose created was determined by measuring
its absorbance employing a UV spectrophotometer at 575 nm, released reducing sugars
were measured by the 3.5-dinitrosalicylic acid according to method of Miller (1959).
One IU CED activity was determined as the amount of enzyme forming 1 pg reducing
sugar equivalent to 1 pg D-glucose from dextran per minute, under the optimum activity

assay conditions.
3.2.3. Immobilization procedure

Adsorption tests were carried out to examine the impact of some variables on the
dextranase immobilization from watery solution. The adsorption of dextranase was
perfect by using an Immobilization Technique. Typically, 100 mg carbon nanotubes and
200 pL CED were reacted in buffer solutions (0.5 M, pH 6) at room temperature for 5
hours in an orbital shaking incubator with gentle shook at 150 rpm and then the 100 pL
aliquots from the immobilization buffer were taken after 5 hours. After immobilization,

the beads were filtered through a PVDF membrane on a sintered glass filter by suction
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under vacuum pump, and washed with 10 mL of distilled water as two aliquots
respectively. The dextranase activity in the aqueous solution was calculated by

determining the reducing sugars according to method of Miller (1959).

After then, the beads have been stored in 5 mL of disodium phosphate buffer
(0.5 M, pH 6) in a refrigerator at +4 °C until the next use.

3.2.4. Optimization of immobilization conditions

The amount of bead used, the pH and solution molarity immobilization with
immobilization period affects the efficiency of the activity and immobilization
(Katchalski-Katzir and Kraemer, 2000). The effect of each of these factors, in turn, can
be determined by examining the immobilization conditions have been optimized.
Optimum conditions for immobilization were determined by changing individually the
conditions, (pHs from 3.0 to 7.0; buffer concentration from 0.025 mM to 0.500 mM,;
amount of c-MWCNT from 25 mg to 100 mg; and duration of immobilization from 1 h
to 5 h).

3.2.5. Characterization of FCED and ICED

3.2.5.1. Optimum pH

Optimum pH for the free and immobilized CED were investigated by
determining the activity after the reaction between FCED or ICED with 1% (w/v)
dextran solutions, at several pH (3.0-7.0) and 55 °C for 60 minutes (Aslan and

Tanriseven, 2007a).

3.2.5.2. Optimum temperature

The maximum temperature of free and immobilized enzyme was found by
conducting the activity assay method with 1% (w/v) of dextran solutions (pH is 5.0 for
the FCED and 6.0 for ICED at several temperatures from (30 °C to 70 °C) (Aslan and

Tanriseven, 2007a).
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3.2.5.3. pH stability

In this case, firstly, 200 uL free or 0.785 g immobilized CED having 19.41 TU
and 22.15 IU dextranases activities, were incubated with 2.5 ml of 25 mM sodium
phosphate buffers with several pH (3.0-3.5-4.0-4.5-5.0-5.5-6.0-6.5-7.0) in an incubator
at 55 °C for 60 minutes. Lastly, the retained activities were determined according to
standard activity assay method by adding 2.5 mL of 2% (w/v) buffered dextran
solutions (pH is 5.0 for FCED and pH is 6.0 for ICED), (Aslan and Tanriseven, 2007a).

3.2.5.4. Thermal stability

Firstly, 200 uL FCED solution and 0.785 g wet ICED were incubated with 2.5
ml of 0.25 mM sodium phosphate buffers at another pH in an incubator at different
temperatures (30 to 90 °C) for 60 minutes, individually. Secondly, both of FCED and
ICED were cooled in a deep-freezer for ten minutes for stopping the temperature effect.
Lastly, the retained activities were determined according to standard activity assay
method by adding 2.5 mL of 2% (w/v) buffered dextran solutions (pH is 5.0 for FCED
and pH is 6.0 for ICED) (Aslan and Tanriseven 2007a).

3.2.5.5. Kinetic constants

Initial velocities for kinetic parameters were determined by performing the reactions
between 200 pL of free or 0.785 g of the wet ICED having 19.411U and 22.15 U
dextranase activities and dextran solutions (pH is 5.0 FCED and 6.0 for ICED) at
several concentrations (0.5 g/L to 20 g/L) for 10 min. K,;, and V., were determined

from Line-weaver—Burk plots (Aslan and Tanriseven 2007a).
3.2.5.6. Operational and storage stabilities

The operational and the storage stabilities of ICED were determined by
performing the standard activity assay method after 20 repeated batch experiments and
every two days when storing in sodium phosphate buffer (0.5 M, pH 6.0) in the
refrigerator at +4 °C, respectively. The immobilized enzymes used for the determination
of storage stability were stored in 0.5 M sodium phosphate buffers (pH 6.0) in a
refrigerator at +4 °C continuously before next use. Before each use, the immobilized
enzymes were filtered and washed with 10 mL of distilled water using PVD membrane

filter on a sintered glass under vacuum (Aslan and Tanriseven, 2007a).
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3.2.6 Hydrolysis of dextran using FCED and ICED

For the effect of substrate concentration on dextran hydrolysis, 200 uL. FCED
solutions or 0.785 mg wet ICEDs reacted with dextran solutions at different

concentrations (from 5 g/L to 20 g/L) at optimum pH and temperatures for 10 minutes.

For the effect of duration of hydrolysis time on the dextran hydrolysis, 400 pL
FCED solutions or 1.57 g ICED was reacted with 10 mL of 10% dextran solution (pH
6.0) for 12 hours.

During or after the reactions, 200 pL aliquots withdrawn from reaction mixtures
and added to 1800 pL of distilled water. After inactivating the enzymes in boiling water
bath for 10 minutes, the released reducing sugars were determined by DNS method of

Miller (1959).
3.2.7. Statistical analysis

Each value represents the mean of values obtained in triplicates. Each graphics
were drafted by using Origin Pro 8.0 software. Data were investigated using Microsoft

Windows Excel each data were given as the mean of three values.
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4. RESULTS AND DISCUSSION
4.1. Determination of protein

The BSA standard plot obtained according to Bradford (1976) method is shown
in Figure 4.1. The coefficient of determination (R?) for the correct equation (Equation

4.1) obtained from the plot is 0.99424.
Y =0.29958X (4.1)

The enzyme concentrations in the solutions are calculated by using Equation 4.1.
Accordingly, CED concentration in the commercial liquid enzyme preparation was

calculated as 6.686 mg/mL.
4.2. Determination of CED activity

The amount of reducing sugar released at the end of the reaction of 200 pL of
FCED with 1% (w/v) dextran solution (pH 5.0) at optimum activity assay conditions,
was found to be 8885.0 pug by using Equation 4.2 obtained from Figure 4.2. Specific
FCED activity was calculated as 19.41 IU/mg by using Equation 4.3. Furthermore, the
activity of commercial liquid CED preparation was also calculated to be 740.4 TU/mL
for DextranT70 as substrate. The amount of FCED having 1 IU activity was also
calculated as 0.302 mg.

Y =0.00104X (4.2)

Released Reducing sugar
1U /| mg Enzyme = g sugar (ug) 4.3)
Enzyme used (mg) x Duration of reaction (min)

4.2. Optimization of CED amount

As seen in the Figure 4.3, the released reducing sugar increased by increasing
amount of CED. When the higher amounts of CED than 200 pL were used, the released
reducing sugar was not increased significantly. Therefore 200 uL CED solutions were

used in the next steps.
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4.3. Optimization of immobilization conditions

The effects of factors affect the immobilization efficiency (amount of matrices
versus to fixed amount of enzyme, duration of immobilization, pH and molarity of

immobilization buffer) were optimized by changing individualy.
4.3.1. Effect of cc-MWCNT amount on immobilization efficiency

The effect of c-MWCNT amount on immobilization efficiency is shown in Table
4.1. The immobilization yield was not changed by increased amount of c-MWCNT.
But, the activity yield was increased by increasing amount of c-MWCNT. The highest
activity yield (75.59%) was achieved for 100 mg c-MWCNT.

4.3.2. Effect of immobilization duration on immobilization efficiency

As is shown in Table 4.2, Duration of immobilization did not effect the
immobilization yield but the activity yield increased by the duration of immobilization.

Activity yield was reached to 114.13% after 5 hours.

Table 4.1. Effect of c-MWCNT amount on immobilization efficiency

¢-MWCNT (mg) Immobilization Yield* (%) Activity Yield** (%)
25 100.00 + 0.03 32.57+0.05
50 100.00 + 0.02 47.41 £0.05
75 100.00 = 0.04 60.37 +£0.02
100 100.00 = 0.03 75.59 £0.05

*200 uL CED solutions having 19.41 IU dextranase activity were incubated with different amounts of c-
MWCNT in SmL of sodium phosphate buffers (0.5 M, pH 5.5) and room temperature with shaking at150
rpm in an incubator for 1 hour.

**200 pL free or 0.785 g immobilized CED having 19.41 TU and 22.15 IU dextranase activities,
respectively were reacted with 5 mL of 1 % (w/v) buffered dextran solutions (pH 5.0 for the FCED and
6.0 for the ICED) at 150 rpm and at 55 °C in an incubator for 60 minutes.

Table 4.2. Effect of immobilization duration on immobilization efficiency

Duration of Immobilization (hours) Immobilization Yield* (%) Activity Yield** (%)
1 100.00 £ 0.04 75.59 £ 0.05
2 100.00 £ 0.03 85.55+0.03
3 100.00 £+ 0.02 89.53 +£0.04
4 100.00 £ 0.03 101.48 +£0.02
5 100.00 = 0.05 114.13+£0.03

*200 pL of CED solutions having 19.41 IU dextranase activity were incubated with 100 mg of c-
MWCNT in 5 mL of sodium phosphate buffers (0.5 M, pH 6.0) at room temperature with shaking in an
incubator at 150 rpm for different durations.

*#200 pL of free or 0.785 g of immobilized CED having 19.41 IU and 22.15 IU dextranase activities,
respectively were reacted with 5 mL of 1% (w/v) buffered dextran solutions (pH 5.0 for the FCED and
6.0 for the ICED) at 150 rpm and at 55 °C in an incubator for 60 minutes.
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4.3.3. Effect of buffer's pH on immobilization efficiency

Table 4.3 shows the influence of pH on immobilization. According to the table,
there are no correlation between the buffer's pH and the immobilization yield. At all pH
values tested, immobilization yield was 100%. But, the highest activity yield (114.13%)
was achieved at pH 6. It is well known that maximum activity yield is achieved at
optimum pH of the enzyme, but sometimes this can be changed (Katchalski-Katzir and

Kraemer, 2000).
4.3.4. Effect of buffer molarity on immobilization efficiency

According to the Table 4.4, there was also no correlation between the buffer's
molarities and the immobilization yield, but the activity yield is increasing when
molarities increased. Immobilization yield is 100% for all the buffer's molarities. The
highest activity yield (114.13%) was achieved for 0.5 M buffer. Immobilization and
activity yields in enzyme immobilization were often affected by the properties of the
salts and their concentration, because of salts can change the three-dimensional

structures of enzyme molecules (Smalla et al., 1988).

After optimizing the immobilization conditions 100% immobilization yield
(0.348 g/g c-MWCNT) and 114.13% activity yield (22150 U/g) was achieved. The
immobilization of CED was studied by another researchers. Despite the loaded CED on

c-MWCNT is lower than the loaded CED on bentonite (0.8 g/g), the achieved activity in

Table 4.3. Effect of immobilization buffer's pH on immobilization efficiency

Immobilization Buffer's pH Immobilization Yield* (%) Activity Yield ** (%)
3.0 100.00 = 0.05 87.48 £0.03
4.0 100.00 = 0.03 86.77 £ 0.02
5.0 100.00 = 0.02 96.98 £ 0.04
6.0 100.00 + 0.04 114.13 £0.05
7.0 100.00 = 0.03 90.04 £ 0.04

*200 pL of CED solutions having 19.41 IU dextranase activity were incubated with 100 mg of CNT in
SmL of sodium phosphate buffers (0.5 M) at different pHs and room temperature with shaking at 150 rpm
in an incubator for 5 hours.

**200 puL of free or 0.785 g of immobilized CED having 19.41 IU and 22.15 IU dextranase activities,
respectively were reacted with 5 mL of 1% (w/v) buffered dextran solutions (pH 5.0 for the FCED and
6.0 for the ICED) at 150 rpm and at 55 °C in an incubator for 60 minutes.
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Table 4.4. Effect of immobilization buffer's molarity on immobilization efficiency

Buffer's Molarity (M) Immobilization Yield* (%) Activity Yield** (%)
0.025 100.00 £ 0.03 66.54 +0.04
0.050 100.00 £ 0.02 71.42 +£0.05
0.100 100.00 = 0.04 91.07 £0.02
0.250 100.00 £ 0.05 94.41 £ 0.03
0.500 100.00 + 0.03 114.13 £0.05

*200 pL of CED solutions having 19.41 IU dextranase activity were incubated with 100 mg of CNT in 5
mL of sodium phosphate buffers (pH 6.0) at different concentraions at room temperature by shaking in an
incubator at 150 rpm for 5 hours.

**200 pL of free or 0.785 g of immobilized CED having 19.41 IU and 22.15 IU dextranase activities,
respectively were reacted with 5 mL of 1% (w/v) buffered dextran solutions (pH 5.0 for the FCED and
6.0 for the ICED) at 150 rpm and at 55 °C in an incubator for 60 minutes.

our study is higher than achieved activity (12000 U/g) in another study (Erhardt and
Jordening, 2007). On the other hand, both of the loaded CED on c-MWCNT (100%),
immobilization yield (100%) and activty yield (114.13%) is higher than loaded CED,
immobilization yield (93%) and activity yield (90%) in the immobilization of CED on
Ca-alginate gels in the study of Bashari et al.(2014). Therefore, the immobilization

efficiency achieved in our study is the better than previous two studies.

4.4. Characterization of free and immobilized CED
4.4.1. Optimum pH

According to Figure 4.4, optimum pH of CED was shifted from 5.0 to 6.0 after
immobilization. This result is agree with the study of Bashari et al. (2014). Similar
result can be see in the related literature. On the other hand, ICED is more active than
FCED at the pH tested except 5.0.
4.4.2. Optimum temperature

As shown in Figure 4.5, optimum tepmperature of CED was not changed after
immobilization. But in the study of Bashari et al. (2014), optimum tamperature of CED
was shipted from 50 °C to 60 °C after immobilization on Ca-Alginate gels. This
difference may resulted from the differencies of the structure of two support. On the
other hand, it is also seen in the Figure 4.5 that ICED is more active than FCED at all

temperatures tested.
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Figure 4.5. Optimum temperature of free and immobilized CED
4.4.3. pH stability

Figure 4.6 shows the effect of pH on the stability of CED. Accordingly, ICED is
more stable than FCED at the all pH values tested. This result can be understand,

because of it is well known that immobilization increase the pH stability of enzyme.

4.4.4. Thermal stability

According to Figure 4.7, ICED is more stable than FCED at higher temperatures.
at 65 °C ICED didn't lose its activity, while FCED lost ~ 4 of its activity. At the upper
temperatures than 65 °C FCED lost rapidly its activity. When FCED was completely
inactivated at 80 °C, ICED retained 50% of its activity. Furtermore, ICED retained 20%
of its activity at 90 °C. It is also well known that immobilization incresae the thermal

stability of enzyme.
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Figure 4.7. Thermal stability of free and immobilized CED

4.4.5. Kinetic constants

The kinetic constants for the free and for the immobilized CED were also
determined by using the Lineweaver-Burk plot (Figure 4.8). The K, values of the free
and immobilized enzymes were determined to be 56.18 g/L and 65.36 g/L, respectively,
while the V., values were determined to be 523.56 ng reducing sugar/L.min and
595.24 pg reducing sugar/L.min respectively. The K, represents the affinity of an
anzyme to its substrate. There are negative correlation between the affinity and K,,.

When K, decreases the affinity increases.
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Figure 4.8. Kinetic constant of free and immobilized CED

4.4.6. Operational and storage stabilities of immobilized enzyme

As shown in Figure 4.9 and Figure 4.10, ICED has perfect operational and
storage stabilities. This result better than achieved operational and storage stabilities in
previous two studies (Erhardt and Jordening, 2007; Bashari et al., 2014). CED
immobilized on all supports lost more than 80% of their activities after six recycle
(Bashari et al., 2014). Erhardt and Jordening (2007), did not determine the operational
and storage stabilities of CED immobilized on Ca-Alginate gels.
4.5. Hydrolysis of dextran using FCED and ICED

The optimum condition of dextran hydrolysis was determined by changing the
factors such as substrate (dextran) concentration and duration of hydrolysis that affect

the hydrolysis yield, individually. According to Figure 4.11, the released reducing
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Figure 4.9. Operational stability of immobilized CED
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Figure 4.11. The effect of substrate concentration on the released reducing sugars

sugars (IMOs and glucose) concentration were increased and reached the maximum
level at 100 g/L. As shown in Figure 4.12, the released reducing sugar concentration
was increased by the incresing hydrolysis time until 10 hours. According to Table 4.5,
17.15% and 17.52% of dextran in the 10 mL of dextran solutions (pH is 5.0 and 6.0 for
FCED and ICED respectively) was converted to reducing sugars at the end of 10 hours,
using FCED and ICED respectively. Dextran hydrolysis ratio in our study lower than
achieved dextran hydrolysis ratio (~ 60%) in the study of Erhardt and J6rdening (2007).
This difference may resulted from the difference between the moleculer weights of

dextrans. Because, we used dextran T70, but they have used dextan T40.
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Figure 4.12. Time course of the production of IMOs from dextran by FCED (A) and ICED (B)

Table 4.5. Production of IMOs from dextran by FCED and ICED*

Enzyme Hiydrolysis Time (hours) Dextran (g/L) (Ihl;f)‘l:‘éizfs;g)*;;iL)
0 100.00 0.00
2 94.01 5.99
4 87.63 12.37
FCED 6 86.51 13.49
8 84.28 15.72
10 82.86 17.14
12 82.85 17.15
0 100.00 0.00
2 93.88 6.12
4 87.26 12.74
ICED 6 86.31 13.69
8 84.23 15.78
10 82.48 17.52
12 82.47 17.53

*1.57 g ICED was reacted with 10 mL of 10% dextran solution (pH 6.0 for 12 hours. 200 uL aliquats
were taken and added to 1800 pL of distilled water. After inactivating the enzymes in boiling water bath

for 10 minutes, released reducing sugars were determined two hours intervals by DNS method during
hydrolysis.
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5. CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion

Firstly, CED was successfully immobilized c-MWCNT with a high
immobilization yield (100%) and (114.13%) activity yield by optimizing the
immobilization conditions.

Secondly, there was no decrease in the initial activity of the ICED, after
repeated 20 batch experiments and after storage for 30 days under optimum storage
conditions.

Lastly, 17.53% of dextran in the dextran solution (10%) was converted to
reducing sugars (IMOs and D-glucose) after 12 hours by using ICED.

As a result, we can say that the CED obtained in this study can be used in the

industrial production of IMOs from dextran.
5.2. Recommendations

Firstly, the results achieved in this thesis can be published in SCI indexed

journals.

Secondly, it can be apply to the national or international patent institute to get

patent for the immobilization of CED on c-MWCNT that developed in this thesis study.

Finally, in the future, a new research project could be made to increase the

conversion rate of dextran to IMOs using immobilized ICED.
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