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MANUSCRIPT I.
) FOR THE IMMOBILIZATION OF XANTHINE OXIDASE ON CA-
E MEMBRANE TO MEASURE HYPOXANTHINE CONCENTRATION.



ABSTRACT

rk electrode, oxidase probe, oxidase meter, and
actor with free enzymes, an analysis procedure to
hypoxanthine concentration was developed. An
zed xanthine oxidase membrane was developed for
ng hypoxanthine concentration in flesh food.
t types of algin were compared to choose the best
yr membrane manufacture. The effects of CaCl,
ration on the shape of the membrane and the
] of the gel membrane were tested. The desired
ation of xanthine oxidase enzyme to immobilize in
rtane was obtained. The membrane was attached to
ase probe, and tried with both a batch reactor and
inuous flow reactor. The influence of
ldehyde concentration on the stability of
zed xanthine oxidase was studied. The effects of
nditions on the response of the enzyme sensor were
and evaluated.
ystem of continuous flow reactor, Clark electrode,
meter and immobilized enzyme membrane of 2% Ca
v and 1.0 u/ml of xanthine oxidase, incubated in
Tris-HC1 buffer, pH 8.4, containing 0.0028%

ldehyde gave the best results. The optimum


























































































































































































































































































1 be effective method for the assessment of meat
ty.

Comparison of this study with previous workers
zacaro, 1978; Cattaneo, 1979) provides further
ence that hypoxanthine could reflect sensory
ation and can be used as a freshness index.

The significance of this study was using immobilized
ne anP1ysis may prove to be a useful procedure to
;s meat freshness and as an alternative or adjunct to
more time consuming and expensive colorimetric
1sis, which also encourages extension of this work to

* meats and meat products.
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controlled by the rate of flow through the reactor since
this determines the time the enzyme is in contact with its
substrate. The lack of mobility of the bound enzyme is
sffset by a high ratio of enzyme to substrate in the
reactor (Beeby, 1983).

The first two papers on immobilized enzymes were
oublished by Nelson and Griffin (1916), and Nelson and
4itchcock\(1921). Both described the absorption of
invertase on charcoal and aluminum hydroxyl gel. Campbell
et al. (1951) tried to isolate antibodies by covalently
binding an ;ntigen to celulose. Grubhofer and Schleith
(1953) from Germany immobilized enzymes such as pepsini,
diastase, carboxypeptidase and ribonuclease covalently to
an insoluble matrix, but the actual breakthrough in enzyme
technology developed about twenty-five years ago, was
known as enzyme immobilization.

Since the early 1960s, Chibata and his colleague have
investigated immobilized enzymes with the aim of utilizing
them for continuous industrial production. The first
report on immobilized aminoacylase was presented at the
annual meeting of the Agricultural Chemical Society of
Japan in 1965 and published in Enzymologia in 1966. 1In
1969 they succeeded in the industrialization of a
continuous process for the optical resolution of DL-amino

acid using immobilized aminoacylase. This was the first
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‘ndustrial application of immobilized enzymes in the
vorld. In the late 1960s, work on immobilized enzymes was
carried out extensively in the U.S.A. and Europe, and the
rumber of reports on immobilized enzymes increased
narkedly., Beside these reports, many reviews and books
rave been published. In 1971 at the first Enzyme
‘ngineering Conference, held at Henniker, New Hampshire,
J.S.A., thespredominant theme was immobilized enzymes and
:he definition and classification of immobilized enzymes
vere proposed (Chibata, 1978).

Whereas enzymes convert from water soluble to water
insoluble molecules, several definitions are necessary for
an immobilized enzyme. An immobilized enzyme is an enzyme
that has been chemically or physically attached to a
water-insoluble gel matrix or water insoluble microcapsule
(Zaborsky, 1973). Enzyme immobilization 1is the
imprisonment of an enzyme molecule in a distinct phase
that allows exchange with, but is separated from, the bulk
phase in which a substrate effector or inhibitor molecules
are dispersed and monitored (Trevan, 1980).
Immobilization is the conversion of enzymes from a water-
soluble, mobile state to a water-insoluble, immobile state
(K1ibanov, 1983).

To immobilize the enzymes, many different

immobilization techniques and procedures have been used
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and discussed (Carr and Powers, 1980; Hultin, 1974,
Klibanov, 1983; Laskin et al., 1984; Mosbach, 1976;
Trevan, 1980; Wingard, 1972; Zaborsky, 1973.

These techniques and procedures which are used for
the immobilization have been mainly classified and grouped

as seen in the following tables and figures:

Enzymes

modified native

I immobilized enzymes

entraéped bound

malrix-entrapped microencapsulated aésorbed covalently bound

Fig. 1 Classification of immobilized enzymes from Enzyme Engineering. Edited
by L.B. Wingard, J. Wiley & Sons, 1972, Fig. 1.
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Table 1
CLASSIFICATION SYSTEMS OF THE METHODS EMPLOYED
FOR THE IMMOBILIZATION OF ENZYMES

Chemical methods (covalent bond formation-dependent)

Attachment of enzyme to water-insoluble, functionalized
po]ymer.‘

Incorporation of enzyme into growing polymer chain,

Intermolecular crossliinking of enzyme with a
multifunctional, lTow molecular weight reagent.

Physical methods - (noncovalent bond formation-dependent).

ADsorption of enzyme onto water insoluble matrix.

Entrapment of enzyme within water-insoluble gel matrix
(lattice-entrapment).

Entrapment of enzyme within permanent and nonpermanent
semipermeable microcapsules.

Containment of enzyme within special semipermeable

membrane dependent devices.

From Immobilized Enzymes by 0.R. Zaborsky, CRC Press,
Cleveland, Ohio, 1973, Table 1.)
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Figure 2
CLASSIFICATION OF IMMOBILIZATION ENZYMES

Immobilization methods for enzymes

carrier-binding cross=1inking entrapping

‘ \
physical ionic covalen attice micro capsule
adsorption binding binding type type

From Immobilized Enzymes, Edited by I. Chibata, J. Wiley &
Sons, 1978, Fig. 1.3.

Table 2
CLASSIFICATION OF IMMOBILIZATION ENZYMES

1 - Covalent attachment of enzymes to solid supports.
- Adsorption of enzymes on solid supports,

Entrapment of enzymes in polymeric gel

> (78] ~nN
1

- Cross-linking of enzymes with bifunctional reagents.

5 - Encapsulation of enzymes.

From Immobilized Enzymes and Cells as Practical Catalysts, by
A.M, K1libanov, in Science, vol. 219, pp. 722-727, 1983.
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Each one of these methods has its advantages and no
one is best for all applications. Klibanov (1983)
reported that comparison of the enzymes immobilization
methods listed in Table 2 leads to some important
conclusions, The advantage of covalent methods 1 and 4 is
that they result in stronger chemical bonds between the
enzyme and the support. The disadvantages are that
covalent Pinding is relatively laborious and expensive and
often leads to significant inactivation of enzymes due to
attachment through their active centers, The latter
problem, hbwever, can be alleviated in many cases if
immobilization 1is carried out in the presence of
substrates or other ligands (inhibitors, cofactors, and so
on) that selectively protect the active center from the
attachment. Methods of immobilization such as adsorption
and gel entrapment are very simple and efficient, but
since such methods create no strong bonds between the
enzyme and the matrix, enzymes often leak from the
supports. This problem can be overcome by the treatment
of adsorbed or entrapped enzymes with a cross-linking
reagent such as glutaraldehyde.

Preparation methods and characteristics of
immobilized enzymes are summarized broadly in Table 3,
though there are many exceptions. Although a number of

enzyme immobilization methods have been studied, no ideal
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general methods applicable for the immobilization of many
enzymes have yet been developed. Each method has specific
disadvantages. Therefore, in practice, it is necessary to
find a suitable method and conditions for the
immobilization of a particular enzyme in light of the

intended application (Chibata, 1978).
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Table 3

PRE?ARATION AND CHARACTERISTICS OF IMMOBILIZED ENZYNES

Carrier binding method Cross Tinking Entrapping
' Method Method
Characteristic ~Physical Tomic Covalent
adsorption binding  binding

Preparation easy easy difficult difficult difficult
Enzyme activity low high high moderate high
Substrate unchange-  unchange- changeable  changeable unchange-
specificity able able able
Binding force weak moderate  strong strong strong
Regeneration  possible possible impossible impossible  impossible
General Tow moderate  moderate Tow high
applicability
Cost of low Tow high moderate Tow
immobilization
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After studying all the methods of immobilization
presented thus far, the entrapment method was chosen.

To entrap an enzyme in polymeric gel, the enzyme is
added to a solution of monomers before the gel is formed.
Then gel formation is initiated by either changing the
temperature or adding a gel-inducing chemical, As a
result, the enzyme becomes trapped in the gel volume. The
gels employed for immobilization of enzymes may be
covalent (for instance, polyacrylamide cross-linked with
N, Nl-methy1enebisacry1amide) or non-covalent (calcium
alginate or kappa-carrageenan), (Klibanov, 1983).

The matrices which have been most employed in
entrapment methods are polyacrylamide, collagen, cellulose
triacetate, agar and alginate. The first polymeric matrix
used to immobilize enzyme was polyacrylamide (Bernfield
and Wan, 1973). Polyacrylamide, Kappa-carrageenan and
alginate have been used industrially (Klibanov, 1983).

Recently more attention has been focused on alginate
gel (ca-alginate) especially in producing ethanol (Hahn-
Hagerdal, 1984; Kierstan and Bucke, 1977; Klein and
Kressdorf, 1983; McGhee et al., 1984; McGhee et al., 1982;
Williams and Munnecke, 1981; White and Portno, 1978) and
citric acid (vaija et al., 1982; Eikmeier and Rehm, 1984),

and in a milk assay (Jacober & Rand, 1984).
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Alginate immobilization was chosen because of its
simplicity, because the immobilization reagent are of low
cost, making the procedure attractive for large scale
application, and because the alginate gel immobilization
procedure is mild (Kiersta, 1981).

Brodelijus (1984) summarized and discussed some
factors that influence the choice of immobilization
methods for a large-scale operation. These are:

1. Ease‘of preparation,

2. Toxicity,

3 Cost of polymer, and

4, Mechanical strength of gel.

A gel meeting these criteria is ca-alginate. The
preparation of an alginate-entrapped cell is very easy and
can be employed on a large scale without complication,
The alginate-entrapped cells are easily prepared in the
volume reactor., The price of alginate is low, and it is
available in unlimited amounts. The mechanical stability
of alginate is acceptable and, furthermore, it is widely
used as a food additive. A product from a process based
on alginate-entrapped cells may therefore pass the FDA
more easily.

A few years ago, the use of biochemical electrodes
having bio-specificity attracted considerable attention

for checking or controling the concentration of
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metabolites in body fluids. This bio-specificity is based
on enzymes, and immobilized enzymes are used in many
cases, These electrodes are suitable for the measurement
of substrates, coenzymes, and the inhibitors of an enzyme,
and are called "enzyme electrodes” or "microbial
electrodes" when microbial cells are used (Chibata, 1978),
Clark and Lyons (1962) proposed the first amperometric
enzyme electrode. Since then the literature reviewed
shows numerous references to enzyme electrode production
and use (01lson and Richardson, 1974; Taylor, et al. 1977,
Hasselberger, 1978; Car and Bowrers, 1980; Wingard et al.,
1981; Laskin et al., 1984).

Since the YSI-Clark 2510 electrode and YSI Model 25
oxidase meter (Yellow Springs, Ohio), which were developed
by this company, were used for this study, the principles
and operation of the system as described by this company
are summarized as follows:

The system consists of the YSI-Clark 2510 oxidase
probe and the YSI Model 25 oxidase meter for amplification
and display of the probe signal. The probe is a 2-
electrode linear amperometric (polarographic) device with
an enzyme retraining system based on a design by Dr.
Leland C. Clark, Jr., Children's Hospital Research
Foundation, Cincinnati, Ohio (U.S. Patent).

The YSI-Clark 2510 oxidase probe consists of a
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platinum anode of 0.06" dia. surrounded by a silver
cathode approximately 0.275" dia. The end of the probe is
covered by a membrane secured with an "o" ring as shown in
Fig 4. When a polarizing voltage is applied the probe
oxidizes a constant portion of the Hp0, at the platinum
anode, Reaction I. The resulting current is directly
proportional to the Hy0, present.

Reaction } 0, + 2H™ + 2e

HoO02 __3

The circuit is completed by a silver cathode at which
oxygen is reduced to water, reaction II.

Reaction II 2e” + 2H* + 1/2 0, Ho0

_

The membrane covering the probe is porous, serving
both to protect the electrodes and to define a diffusion
path to them. Various methods can be used to introduce
the enzyme(s) necessary to the system. They can be placed
behind the membrane, in the bulk solution being measured,
or both.

The level of the final, stable current reading and
the time required to attain it depends upon whether the

enzyme is placed in the solution or isolated behind the

membrane, In the bulk solution the enzyme is relatively
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less concentrated and a longer time is required to attain
a steady state, Also the final current is higher because
the conversion is essentially total. Behind the membrane
the enzyme is highly concentrated and converts only the
substrate which has diffused through the membrane. 1In
this case the steady state is reached more quickly but the
final current is lower,

The system is a research tool (not for diagnostic
use) spécifica11y designed to study substances that
produce or consume, or influence production or consumption
of Hp0j5. In operation the probe produces an electric
current proportional to the Hy0, in %ts immediate
vicinity., When an enzyme is used to produce H,0,, the
probe current is a measure either of enzyme activity or
substrate concentration, depending upon the experiment
design, reaction III,.

oxidase
Reaction III Oxidase substrate + 0p ———> product + Hp0-

enzyme
Determination of enzyme activity also gives indirect
information about the presence and function of enzyme

cofactors and inhibitors.
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