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In this study, a new carrier (i.e., the poly(acrylonitrile/glycidyl metha-
“crylate/methyimethacrylate copolymer beads) for enzyme immobilization
is evaluated. Two different types of -copolymer beads with different
swellabilities ‘with an average diameter of about 200 ym were produced
by suspension -copolymerization of the respective co-monomess, with or
without using cyclohexanone. BPO and PVA were used as the initiator and
the slabnhmr The copo!ymer beads produced without cyclohexanol were
non-porous and non-swellable, while porous and swellable (swelling ratio:
“14.28%)beads “were obtained in which cyclohexanol was used as the
porogen. Immobilization of a model-enzyme (ie., glucose oxidase) was
studied to show the feasibility of using these beads as an enzyme carrier.
More enzymes, but with very low activities, were immobilized on the beads
with relatively lower swellabilities, while much higher activities were
observed on the beads with relatively higher swellabilities prepared with
cyclohexanoi. Invertase (from Bio-con India) was immobilized on to a
copolymer of glycidyl methacrylate and methyl methacrylate. Polymer
particles having glycidyl ether groups were prepared through suspension
polymerization in aqucous medium, addition of acrylonitrile provides suf-
ficient space for enzyme immobihization. From the HCl-dioxane back ti-
tration method, it was found that about 8-10% of oxirane oxygen remained
on the final particles. Invertase ‘immobilized’ on copolymer exhibited
complete inversion of sucrose at neutral pH and 30-37°C. The prepared
immobilized invertase could completely hydrolyze sucrose in water at
room temperature, at an enzyme concentration of 0.2% based on sucrose
weight having invertase activity 1,00,000 U/mL. The enzyme preparation
was stable under stirred conditions and could be reused multiple times
without loss of enzyme activity. It was found that the nature of the polymer
used for enzyme conjugation had a significant effect on the activity of the
invertase used. ‘

Key Words: Invertase, Immobilization, Hydrolysis, Sucrose, Polymer
support. '

INTRODUCTION

Immobilized enzymes may be defined as enzymes whose fwe movcmem has
been restricted in some manner. One of the major advamages* of immobilization
is to “fix” the enzyme so as to retain it in a continuous proccss ’Use of soluble
enzymes in processing has been limited in part by the cost of the enzymes due
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to the difficulty and expense of isolation, instability and the fact that in a freely
soluble form they usually can be used only once.. B

The use of immobilized enzymes has several advantages. An immobilized
enzyme, in solid or sometimes semisolid form, is readily separable from the
product solution and can be reused. thus increasing utility by 2 large fact'or.
Additionally, the enzymatic reaction can be terminated easily simply by removing
the enzyme, allowing more precise control of the reaction. Finally, it has turned
out that enzymes are often much more stable when in fixed form than in solution,
allowing an enzymatic conversion {0 occur over a much longer period without
having to replenish the biocatalyst as compared with intact enzymes. Some
examples of these effects have already been publishedi'“.

For the production of the polymer particles having special functional moieties,
suspension homopolymerization and copolymerisation have been studied by
several research groups. Suspension copolymerization of methyl methacrylate and
glycidyl methacrylate has also been carried out by Lee and Chen'?. ‘

Reactive functional groups assist the formation of a permanent covalent bond
between the polymer and the enzyme without affecting its tertiary structure.
Oxiranoyl group is perhaps the most preferred functional group since covalent
binding of enzyme proceeds under ambient, moderate conditions without signi-
ficant loss of act'wi[y”.

The pore geometry of oxirane polymers, which offer pendent epoxy groups
for covalent bonding of enzyme molecule, can be manipulated by strategic
interplay of synthesis variables such as cross link density, volume of porogen and
quantities of protective colloid and polymerization initiator'*. The significance of
these synthesis variables on the physical properties of glycidy! copolymers and
immobilization of penicillin-G acylase is documented'?,

The sucrose industry is a comparatively minor user of enzymes but provides
few historically significant and instructive examples of enzyme technology. The
hydrolysis (‘inversion’) of sucrose, completely or partially, to glucose and
fructose provides sweet syrups that are more stable (i.e.. less likely to crystallize)
than pure sucrose syrups. The most familiar ‘Golden Syrup’ produced by acid
hydrolysis of one of the less pure streams from the cane sugar refinery, but other
types of syrups are produced using yeast (Saccharomyces cerevisiae) invertase.
Enzymatic inversion of sugar requires specific pH and temperature conditions
and they were studied'® %", Immobilized invertase and whole cells of yeast have
been investigated for the continuous inversion of sucrose solutions>' ™%,

The enzymatic supports so far described in technical literature or commercially
available use glycidylmethacrylate and methylmethacrylate as primary mono-
mers. The mechanical stability of the polymer matrix is limited and the number
of cycles of use is about a few hundred. Most of this occurs due to the relatively
lower mechanical stability of the polymer beads. These are either brittle or are
not able to withstand the osmotic or pH shocks. To enhance the mechanical
stability and also to reduce the cost of the matrix, we have modified it with a
hard monomer acrylonitrile.

Acrylonitrile produces very stable but flexible polymers. This is indicated by the
fact that it is an excellent fibre forming polymer. Its polymer has a high T, and,
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therefore, the polymer Tesists permanent deformation under ‘conditions of use.
Besides, it is a very inexpensive and readily available monomer., tm pgiymerxse?s
and co-polymerizes with great ease. There is no example availabi.c- in literature 1n
which acrylonitrile is used as a component of polymer for immobilizing enzymes.
In this work an attempt has also been made to achieve complete inversion of sucrose
at neutral pH and at 30-37°C temperature. This immobilized enzyme sbgwed
complete inversion of sucrose at room temperature and normal pH. Reusability of
this copolymer was tested by performing 100 cycles.

EXPERIMENTAL

Glycidyl methacrylate methyl methacrylate and acrylonitrile were obtained
from Lancaster. Polyvinyl alcohol, polyvinylpyrrolidine, cyclohexanol, methanol
and divinyl benzene were obtained from Loba Chemie. Invertase was obtained
from Biocon India.

Polymer preparation

The porous copolymers were synthesized by suspension polymerization in a
jacketed cylindrical polymerization reactor'®'’. A volume of water along with
polyvinyl pyrrolidone and sodium chloride was heated in the reaction vessel at
70°C, The reaction mixture components were added rapidly at low stirring speed.
The mixture contained—initiator, porogen added in the preceding sequence. The
addition represented zero time of the copolymerization. At this time the temper-
ature was about 70°C. Then. the stirring speed was slowly increased. temperature
remained constant ( 0.5°C) until the end of the reaction. Reaction was allowed
to go for completion for 6-7 h. The beads were decanted and washed with water,
The porogen was extracted with methanol in a Soxhlet apparatus and finally dried
for 24 h at 60°C. The products result as white opaque spherical beads.

Enzyme preparation and loading

The enzyme solution was prepared by taking 0.1 g of enzyme having activity
1,00,000 BU/mL in 100 mL of water for 0.1% enzyme solution and 0.2 g in 100
mL water for 0.2% enzyme solution.100 mL of enzyme solution was used for 10
g of copolymer for immobilization. 100 mL of 10% sugar solution was used in
stirred condition for all the experiments. - ,

All the experiments were carried out at an ambient temperature and without
adjusting the pH of the sucrose solution.

Analysis

The oxirane oxygen group was found by HCl-dioxane back titration method.
The purified particles were redispersed into dry dioxane, after which 0.2 N HCI
solution in absolute dioxne was added and the particles were left to react at room
temp for 15 min. The unreacted fraction of acid was then determined with 0.1 N
methanolic sodium hydroxide solution.

Porosity determination: The porosity of the copolymer at various stages
was determined by soaking the sample in water and finding out the difference in
the dry and wet weight of the sample. Inversion of sucrose was analyzed by copper
ion reducing method of Fehling’s solution. :
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Immobilization of invertase on co-polymer of glycidylmethacrylate

Enzyme invertase was immobilized on copolymer by keeping the polymer inthe
solution of enzyme for 24 h in temperature controlled shaker.

This immobilized enzyme in polymer was placed on glass column and washed
thoroughly. Enzyme activity was analyzed by measuring the inversion of sugar by
copper ion reducing method of Fehling’s solution.

RESULTS AND DISCUSSIONS

Effect of acrylonitrile polymer on inversion of sucrose

Polymer prepared without using acrylonitrile gave very little inversion, polymer
with acrylonitrile gave complete inversion at 30-37°C and at neutral pH. Addition
of acrylonitrile provides sufficient space for immobilization of enzyme in such a

way which keeps enzyme in active form (Fig. 1).
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Fig. 1. Effect of acrylonitrile addition in polymer on inversion of sucrose

Stability of immobilised invertase

Effect of pH on inversion of sucrose: ~ Stability of immobilized invertase was
deiermined at pH range 2-7. In general, free invertase was more sensitive to pH
shifts. Optimum pH for free invertase was 4.5-5 and for immobilized invertase it

was 5-7 pH.
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Fig. 2. Effcct of pH on inversion of sucrose

Effect of temperature on inversion of sucrose: The stability of immobilized
invertase was also determined at various temperatures. In general, free invertase
was more sensitive to temperature change. Optimum temperature for free enzyme
was 50-55°C and for immobilized enzyme it was ambient temperature.
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Fig. 3. Effect of temperature on inversion of sucrose

Effect of immobilized enzyme on inversion of sucrose

Inversion of sucrose using immobilized invertase was studied. Immobilized

enzyme completel

y inverted the sucrose solution at neutral pH and at ambient

temperature, free enzyme inverted up to 95% sucrose at optimum conditions.
Polymer did not show any inversion activity (Fig. 4).
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Fig. 4. Effect of immobilization on inversion of sucrose

Reusability of immobilized invertase

Immobilized invertase inverted sucrose completely even after 20 cycles.
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Fig. 5. Reusability of immobilized enzyme

Effect of storage on immobilized invertase stability

The immobilized enzyme was stable for 2 months. After 2 months it showed
reduction in catalytic activity. The above results clearly indicate that enzyme has
been loaded on the support and it can be used for inversion of sucrose at room

temperature and at neutra

I pH and can be reused 20 times without loss of activity.

Addition of acrylonitrile provides sufficient space for immobilization of enzyme
in a way that keeps the enzyme in active form.
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Conclusion

In conclusion, we report a high performance immobilized invertase obtained by
immobilizing invertase on acrylonitrile/glycidyl methacrylate/methyl methacrylat;
crosslinked ter polymer which facilitates the inversion of sucrose and allows the
inversion to take place without adjusting the pH and temperature and can be
repeatedly used. The approach has high potential for translation into a commercial
process.
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