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Abstract
The paper studies the reaction of catalase’s immobilization on a synthetic polymer (copolymer of the

acrylic acid with vinyl alcohol), through amidation of enzyme’s terminal amine groups with the lateral
carboxylic group of the macromolecular support, as activated by dicycloxexyl carbodiimide. The support,
possessing the properties of a hydrogel, has been synthesized through copolymerization of the acrylic acid
with vinyl acetate, followed by hydrolysis of the acetate groups to the hydroxylic groups.

The influence of some reaction parameters (such as the activator/support and enzyme/support ratios,
duration) on the efficiency of the enzyme’s coupling was studied. The coupling reactions were realized
conformely to a centered, rotator, composed, second order experimental program, which permitted the
establishment of the conditions necessary for obtaining a coupling product containing the highest amount
of immobilized enzyme.

Kinetic study of the reaction catalyzed by the coupling products has indirectly evidenced enzyme’s
immobilization to the macromolecular support, and also, a sufficiently high catalytic activity of the enzymatic
preparation obtained.
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Introduction

The advantages of employing enzymes immobi-
lized on various supports – especially macromolecu-
lar ones – are well known, and they have been dis-
cussed in several studies [1-3]. When the support uti-
lized is a polymeric one, biocatalyst’s bonding may
be achieved by several methods, which may be
classified into 3 main groups, as follows [4]:
- crosslinking
- encapsulation
- chemical (ionic, covalent) bonding.

Support’s selection – generally based on several
criteria, such as the reactivity of its functional groups
in moderate reaction conditions – and the immobili-
zation method preferred – are especially important.
Both natural polymers and their derivatives (mainly
from the polysaccharide class) [5,6], and synthetic
(hydrogels, especially) polymers may be employed
as supports [7-11].

The present paper studies catalase’s immobiliza-
tion – through covalent bonding – on a copolymer of

the acrylic acid with vinyl alcohol, in the presence of
an activator, as well as the influence of some physi-
cal and chemical factors on the activity of the enzyme
immobilized.

Experimental

Materials

Catalase – extracted from bovine liver, molecular
weight of 500,000

Macromolecular support – copolymer of the
acrylic acid with vinyl alcohol (PAcA-VA) with a
carboxylic group content of 3.5 EqCOOH/g.

Activator – dicyclohexyl carbodiimide (DCCI).

Method

Synthesis of the support copolymer

Is performed in two stages, as follows: obtaining
of a copolymer of acrylic acid with vinyl acetate, fol-
lowed by the hydrolysis of the acetate groups to the
hydroxylic ones.
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35.5 mL vinyl acetate and 4.42 mL acrylic acid
are dissolved in 160 mL benzene, together with 0.2514
g azo-izo-butyronitrile (AIBN, as initiator). The po-
lymerization reaction is conducted into a balloon (ves-
sel) equipped with a refrigerator, under reflux, for
3.5 h, at a temperature of 80°C. Benzene and the
unreacted vinyl acetate are removed by distillation.
The copolymer thus obtained is washed with warm
water (5 portions of 200 mL each), for the removal
of the unreacted acrylic acid and also of the
poly(acrylic acid) formed, up to the pH of the dis-
tilled water, then dried in vacuum (40°C). There fol-
lows its dissolution in tetrahydrofuran (to obtain a
solution of 3% concentration) for the removal of the
unreacted vinyl acetate, precipitation in chloroform
and, finally, drying in vacuum (40°C).

Transformation of the poly(vinyl acetate)-type
structural units in vinyl alcohol is subsequently
realized through hydrolysis of a copolymer solution
in methanol (3%) with an alcoholic solution of NaOH.
Precipitation of the reaction product occurs instant-
aneously, and separation of the new copolymer
involves filtering, following by washing with methanol
for the removal of NaOH (at a neutral pH). After dry-
ing, the copolymer is once again dissolved in warm
water and then precipitated with concentrated HCl;
finally, it is washed with water at pH = 7 and dried in
vacuum.

For dosing of the carboxylic groups, a certain
amount of copolymer is treated with 20 mL NaOH
0.1 N, for 5 h, by stirring at room temperature, fol-
lowed by titration of the excess NaOH with a 0.1 N
H2SO4 solution. This operation is performed for 5
samples, the results being exposed as average values.

Calculation of the number of gram equivalents of
carboxylic groups per gram of copolymers applies
the relation:

and, respectively, to a molar content of 17.3% acrylic
acid.

Catalase’s coupling on the copolymer

0.2 g (a constant amount in all syntheses) co-
polymer is introduced in 15 mL disodic phosphate
buffer 0.05 M (pH = 6.5), under stirring for 1.5 h, to
assure the support’s uniform dispersion. Then, still
under continuous stirring, the volume of enzymatic
liquid containing the amount of catalase established
according to the experimental program is added. The
activator (DCCI) dissolved in 2 mL THF – accord-
ing to the experimental program – is added after 1.5
h – which represents the “zero” moment of the
reaction. 20 mL phosphate buffer (0.05 M) are added,
the final volume being constant for all syntheses per-
formed. The reaction mixture is stirred as vigorously
as possible at a temperature of 5°C, over durations
established in the experimental program. When
coupling reaction is over, the mixture is centrifuged
for 15 mon (4,000 rpm) and, after supernatant’s sepa-
ration, 5 mL 0.2 M buffer phosphate (pH = 7) are
added, then stirred and centrifuged. Washing is
repeated 4-5 times, until the two phases are clear and
the washing liquid is limpid.

The insoluble product separated is quantitatively
passed into a 25 mL vial, 0.05 M buffer phosphate
(pH = 7) being added up to a volume of 20 mL; the
product is kept at a temperature of 4°C prior to the
analysis.

Determination of the enzymatic activity

This involves iodometric titration, according to the
followed method In 2 conic flasks of 100 ml each, 6
ml of sodium phosphate buffer 0.01 M at pH = 7 are
measuring. In one of them is added 0.1 ml of enzymatic
solution, and the other flask is used as blind sample.
In both of flasks are added 0.2 ml of H2O2 3% con-
centration, stirring and then is maintained for exactly
5 min. at room temperature.

The action of enzyme on H2O2 is stopped by add-
ing of 5 mL of H2SO4 solution (c = 10%) in each of
them. After that 5 mL of KI solution (c = 10%) and
one drop of ammonium molybdate  (1% concentration)
after added in each of flasks. The content of flasks is
stirred carefully.

The released iodine from the reaction between KI
and enzymatic undecomposed H2O2 is titrated with
0.02 N sodium thiosulphate until the solution will have

m

fVfV
E acidacidNaOH

COOH ×
××−×

=
10

1.0)(
3

0

where:
- V0 – volume of NaOH 0.1 N solution (20 mL)
- fNaOH – factor of the NaOH solution
- Vacid – volume of the 0.1 N H2SO4 which titrates the

sodium hydroxide remained unconsumed in the
reaction with the polymer

- facid – factor of the H2SO4 solution
- m – copolymer weight taken into analysis.

The average content of carboxylic groups equiva-
lents in the copolymer is: ECOOH = 3.54×10-3 Eq/g,
which corresponds to a content of 25.5% (weight)
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bright yellow colour. At this moment, 2-3 drops of
starch solution (1% concentration) are added and the
titration is continued until the colour is completely
disappeared.

The difference between the two titrations (the
sample and the blind sample) represents the amount
of H2O2 decomposed by catalase’s action.

As a unity of catalase’s activity is considered the
amount of enzyme which decomposes 1 µmol H2O2

(0.034 mg) in 1 minute. Because for 1 mL Na2S2O3,
0.02 N solution corresponds 0.34 mg H2O2, it results
that for the volume of Na2S2O3, 0.02 N solution  (re-
presenting the difference between the volume ne-
cessary for the titration of blind sample, V, and for
the sample, v) corresponds:

x = (V – v)⋅f⋅0.34 (mg H2O2)

where:
- V – volume of Na2S2O3, 0.02 N solution, consumed

with reference sample’s titration
- v – volume of Na2S2O3, 0.02 N solution, consumed

with sample’s titration
- f – factor of the Na2S2O3, 0.02 N solution (deter-

mined with K2Cr2O7)
The amount of H2O2 decomposed in 1 min by the

enzyme from 0.1 mL solution becomes:

x1 = x/5⋅0.1 = 2⋅x
Because 1 unity of catalase decomposes 0.034 mg

H2O2/min, so A units of catalase will decompose x1

(mg H2O2)/min. It results:

A = x1/0.034

Finally, the enzymatic activity will be calculated
with the relation:

A (µM⋅min-1⋅mg-1) = (V – v)⋅f⋅20

Experimental program

Preliminary investigations have shown that the
activity of the enzymatic preparation (which reflects,
indirectly, the amount of immobilized enzyme) de-
pends of series parameters, among which 3 are espe-
cially important: the reaction’s duration, the enzyme/
support and, respectively, activator/support ratio.

Correlation of the coupling products’ activity with
the above mentioned parameters might be attained
with a function of the following type:

Y = a0 + Σaixi + Σaijxixj

where:
- a0 – free term

- ai, aij – regression coefficients
- xi, xj – variables expressing the process parameters.

By means of a centered, rotator, composed, sec-
ond order experimental design [12], the values of the
regression coefficients were calculated.

The experiments were carried out according to the
schedule given in Table 2. For the sake of simplicity
in processing of results, the independent variables have
been coded (Table 1).

eR la v ra i elba
elbairavdedoC

286.1- 1- 0 1 286.1

Enz my s/e u opp tr
ar it (o g )g/ − x1

8 7.12 63 3.05 46

s/ICCD u opp tr
om( l om/ l HOOC ) − x2

1.1 262.1 5.1 837.1 9.1

Du ar it )h(no − x3 01 '61h51 32 '44h03 63

.oN
elbairavdedoC

cA tiv ti obfoy n ded
ac tal (esa µM⋅m ni 1- ⋅g 1- )

x1 x2 x3 laer detaluclac

1 1- 1- 1- 075 57.584

2 1 1- 1- 5631 59.2231

3 1- 1 1- 188 54.629

4 1 1 1- 5871 62.4281

5 1- 1- 1 57.318 58.197

6 1 1- 1 5871 52.8971

7 1- 1 1 3641 55.1041

8 1 1 1 2142 51.9642

9 286.1- 0 0 927 74.247

01 286.1 0 0 0252 14.4432

11 0 286.1- 0 51.327 91.077

21 0 286.1 0 7.3671 40.5071

31 0 0 286.1- 0311 21.4201

41 0 0 286.1 5971 14.3281

51 0 0 0 4281 2.9971

61 0 0 0 3081 2.9971

71 0 0 0 8671 2.9971

81 0 0 0 5971 2.9971

91 0 0 0 7181 2.9971

02 0 0 0 8871 2.9971

Table 1
Variable’s codification and their variation domain.

Table 2
Experimental program and obtained results.
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Starting from the experimental results obtained,
the regression equation of the form:

A = 1799.2 + 476.2x1 + 277.9x2 + 237.6x3 + 15.3x1x2

+ 42.3x1x3 + 42.25x2x3 – 90.4x1
2 – 198.5x2

3 – 132.7x3
2

could be established.
The high values of the coefficient of multiple

correlation (r = 0.966) and of the F factor (F = 40.57)
lead to the conclusion that the mathematical model
proposed is suitable (as supported by the calculated
values of the enzymatic activity – quite close to the
experimentally determined ones).

Results and discussion

Synthesis of the macromolecular support followed

the obtaining of a copolymer with high affinity to-
wards the aqueous phase – in which enzyme’s coupling
occurs and within which it usually works.

IR spectral analysis has evidenced the absorption
bands characteristic to the functional groups present
on the support, at 1.710, 1.420, 1.320 cm-1 (-COOH
group) and, respectively, 1.100-1.120 cm-1.

Differential thermal analysis has evidenced, too,
a curve of the weight losses with a unique decomposi-
tion stage, over the 120-420°C.

Over the 0-600°C interval, the maximum weight
loss recorded is of 21.5%.

 Enzyme’s coupling to the macromolecular sup-
port, in the presence of DCCI as activator, is based
on the following reaction:

- CH2 - CH - CH2 - CH -   + H
+ + C6H11 - N = C = N - C6H11 

C = O      OH   

OH

- CH2 - CH - CH2 - CH - 

C = O      OH  

PAcA - AV                          DCCI

O - C - NH - C6H11  
     

N+H - C6H11

+  H2N - catalase 

- CH2 - CH - CH2 - CH -      +  C6H11 - NH - C - NH - C6H11 + H
+

C = O      OH  

NH - catalase

DCCU

O

With a view to establish the manner in which the
parameters considered influence the reaction’s effi-
ciency (expressed indirectly by the activity of the
preparations obtained), two variables (usually to the
center of the experimental domain) have been par-
ticularized, which permitted the obtainment of some
simplified functions which correlate the property had
in view with the third variable.

Influence of the enzyme/support ratio

PAcA-VA is an insoluble polymer, which never-
theless swells in water, so that the coupling reaction
is developed in a heterogeneous medium. The diffu-
sion process is quite important in the reaction’s devel-
opment, so that enzyme’s concentration in the sub-

strate influences the coupling yield.
Analysis of the results presented in Fig. 1 evi-

dences, indeed, an increased enzymatic activity of the
coupling products with the increase of the enzyme/
support ratio.

An increase of this parameter, on maintaining
constant the amount of copolymer support, indicates
an increase of biocatalyst’s concentration in the
reaction substrate, i.e. of the concentration gradient
responsible for the intensification of diffusion inside
the support’s particles.

Influence of the activator/support ratio.

The diffusion process equally explains the increase
of the coupling reaction’s efficiency over a certain
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it away from the reaction of coupling on the support.
At the same time, the already immobilized enzyme
may suffer crosslinking reactions that reduce its ac-
tivity.

Duration

The activity of enzymatic preparations increases
up to a duration of 20 h, which is the result of an
increasing higher number of support’s carboxylic
groups capable of coupling the enzyme (Fig. 3).
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Increase of the reaction’s efficiency is recorded
up to a ratio of about 1.5 moles DCCI/mole –COOH,
when diffusion’s intensification with the increase of
the concentration gradient facilitates the access of
higher and higher amounts of activator to the
support’s carboxylic groups. For higher values of this
ratio, the efficiency of coupling decreases, as a
consequence of the fact that the excess of DCCI in
the reaction medium favourizes reactions of intramo-
lecular condensation or even crosslinking of the
enzyme – which consumes the biocatalysts and takes

variation interval of the DCCI/PAcA-VA ratio (Fig. 2).

Fig. 1. Variation of the enzymatic activity of the coupling
products with the enzyme/support ratio (mg/g). 1 – DCCI/
PAcA-VA = 1.262 mol/molCOOH; 2 –1.5; 3 – 1.738 (t = 23 h)
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Fig. 2. Variation of the enzymatic activity of the coupling
products with the DCCI/support ratio (mol/molCOOH). 1 -
Catalase/PAcA-VA = 21.7 mg/g; 2 – 36 mg/g; 3 – 50.3
mg/g (t = 23 h).

Decrease of the enzymatic activity at higher du-
rations is most probably caused by some secondary
reactions of enzyme’s denaturation and, respectively,
of its inter- and intramolecular condensation or
crosslinking.

The correlated influence of two parameters of the
immobilization process on the eficacity of coupling
reaction is presented in Figs. 4 and 5. Once again,
the conclusions presented above are proved.

In the absence of any absolute optimum as to the
activity of the enzymatic preparations over the ex-
perimental domain taken into study, one may
nevertheless appreciate that best results may be ob-
tained if employing an activator/support ratio of
1.738, an enzyme/support ratio of 64 mg/g and,
respectively, a duration of 30.44 h.

A product obtained under such conditions has
been subsequently analyzed from the kinetic view-
point of the reaction it catalyzes, as well as from the
viewpoint of the properties characteristic to enzymes.
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Fig. 3. Influence of the coupling reaction’s duration on
the activity of the immobilized enzyme. 1 – Cat/suport =
21.7 mg/g; 2 – 36 mg/g; 3 – 50.3 mg/g (DCCI/PAcA-VA
= 1.5 mol/molCOOH).
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Influence of the enzymatic product’s concentration

Generally, the rate of the enzymatically-catalyzed
reactions is proportional to enzyme’s concentration.
On following this correlation for both the free and
immobilized catalase, the results presented in Fig. 6
have been obtained.

It may be observed that the linear dependence be-
tween the reaction rate and the concentration of the
enzymatic product is obeyed only for low and aver-
age values of the latter parameter. At higher concentra-
tions, the decomposition rate of H2O2 decreases, which
may be associated with the occurrence of some inter-
and intramolecular interactions in the enzyme. The
fact that the immobilized enzyme follows its linearity
over a larger concentration domain may be explained
by the fact that the molecules of the coupled enzyme
have lower degrees of freedom as compared with those
of the free enzyme and, consequently, lower possibili-

ties of interaction.

Influence of the substrate’s concentration

Enzymatic catalysis starts from the idea that, be-
tween enzyme E and substrate, S, an intermediary
complex, ES, is forming, which may be either disso-
ciated in its initial substances or split into enzyme
and product, P, according to the general reaction:

E + S ↔ ES → E + P

Mathematical modeling of such reactions leads
to the Michaelis-Menten equation:

V = Vmax × [S]/([S] + KM)

where:
- V – reaction rate
- Vmax – maximum reaction rate
- [S] – substrate’s molar concentration
- KM – Michaelis Menten constant.

The graphical representation of this dependence,

Fig. 4. The correlated influence of the coupling reaction
duration and, respectively, the DCCI/support ratio (mol/
molCOOH) on the enzymatic activity of the immobilized
enzyme (Catalase/PacA-VA = 36 mg/g).

Fig. 5. The correlated influence of the coupling reaction
duration and, respectively, the Catalase/PacA-VA ratio on
the enzymatic activity of the immobilized enzyme (DCCI/
PacA-VA = 1.5 mol/molCOOH).
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Fig. 6. Influence of the enzymatic product concentration
on H2O2 decomposition rate. 1 - free enzyme 2 - immobi-
lized enzyme. (Cata-lase/PacA-AV = 64 mg/g; DCCI/
PAcA/VA = 1.738 mol/molCOOH, t = 30.75 h).
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in the case of enzymatic preparations based on the
catalase immobilized on PAcA-VA is presented in
Fig. 7.

Conclusions

Catalase may be immobilized through chemical
bonding to poly(acrylic acid-co-vinyl acetate), in the
presence of dicyclohexyl carbodiimide, which leads
to an insoluble, catalytically active preparation.

The efficiency of the coupling reaction depends
on the reaction’s duration, enzyme/support and,
respectively, activator/support ratio.

Catalase’s immobilization on the copolymer is fol-
lowed by an increase of Michaelis-Menten constant’s
value, versus the free enzyme.

The influence of certain external factors (such as,
concentration of the enzymatic preparation, substrate’s
concentration, etc.) is similar on both the free and
immobilized enzyme.
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