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Studies of stabilization of native catalase using additives
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Abstract

Native catalase preparations isolated fr@&awillus Sp were formulated with different additives for storage stabilization and better
performance at high temperature and pH. The additives studied were: polyethylene glycol, glycerol, BSA, casein, glutaraldehyde,
n-butylamine, ethylenediamine, 1.6-diaminohexane, BSA/glutaraldehyde and casein/glutaraldehyde. The glycerol and glutaraldehyde
showed the best performance for long-term storage at 30°C and neutral pH. No stabilization additives were effective at pH 12, but below
that pH the polyethylene glycol and glycerol appeared to be the most appropriate. Amines, polyethylene glycol and glycerol shifted the pH
activity maximum of the native catalase toward more alkaline region, while glycerol were the only additive to improve the temperature
profile of the enzyme. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction [8—11]. The selection of the appropriate additive depends
on the nature of the enzyme. In the present research the
The resistance of the catalytically active protein structure stability of catalase enzyme was of interest in order to use
toward high temperatures, pHs and other denaturing influ- this enzyme for degradation of hydrogen peroxide after
ences is one of the most important criteria for commercial- bleaching of cellulose fabrics [12—14]. Even a trace amount
ization and for industrial application of the enzymes [1,2]. of hydrogen peroxide could cause dyeing problems such as
The limited stability of enzymes during long-term storage unevenness of color, insufficient dyeing, and shade changes
has been attributed to the deleterious effects of environmen-between batches [15,16]. The alkali remaining in the
tal moisture and microbial contamination [3,4]. Enzymes bleaching liquor and the high temperature of the latter are
may be easily denatured by slight change of the environ- expected to influence the catalase stability, due to the fact
mental conditions such as temperature, pressure, pH andhat this enzyme is most efficient in the temperature range of
ionic strength [5]. In general, stabilization of the enzymes 20 to 50°C and pH 6—8. Thus the objective of this study
could be achieved in several ways: screening for more was to improve the stability of native catalase obtained from
stable ones (thermophiles, extremophiles), chemical modi- Bacillus S, against aggressive environmental conditions,
fication, protein engineering, and immobilization or using by means of various additives.
stabilizing additives [6,7]. Increase of the thermostability of
the enzymes by the addition of salts, polyols (polyethylene
glycol, glycerol), dextran, bovine serum albumine, polyeth-
ylenimine, polyelectrolytes, organic osmolytes (e.g. be-
taine), organic solvents (isoctane, cyclohexane, chloroform,
benzene), sugars (e.g. lactiol, mannitol, sorbitol, xylitol, 2.1. Enzyme
inositol, erythritol) and others has been previously reported

2. Materials and methods

The catalase was produced fraBacillus sp., isolated
* Corresponding author. Tel+1-351-253-510280; fax+1-351-253- from the_waStewater OT a local t?xtllG_ _ﬂmShmg company.
510293, The strain was deposited and identified by the German
E-mail address: artur@eng.uminho.pt (A. Cavaco-Paulo). culture collection DSMZ (Braunschweig, Germany) [17].
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Table 1
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Effect of additives concentration on native catalase stability, after incubation for 24 h at pH 7, and 30°C

Catalase/additives Absolute activity (wmol/min)
(0.0%) (0.2%) (0.5%) (0.6%) (1.0%) (5.0%) (10.0%)

Catalase 838 — — — — — —
Catalase/betaine — nd 8.3 nd 84 7.9 nd
Catalase/polyethylene glycol — nd nd nd 8.3 8.0 6.8
Catalase/glutaraldehyde — 6.8 nd 53 na na na
Catal ase/ethylenediamine — 7.1 7.4 nd 74 7.2 nd
Catalase/n-butylamine — 6.8 7.1 nd 7.1 7.9 nd
Catalase/1.6-diaminohexane — 7.2 7.8 nd 75 7.2 nd

nd: not determined.
na: no activity.
% (w/v)—betaine, polyethylene glycol.

% (v/v)—glutaraldehyde, ethylenediamine, n-butylamine, 1.6-diaminohexane.

2.2. Enzyme activity assay

Catalase activity was measured using a UV spectropho-
tometer equipped with magnetic stirrer (Unicam model He
Aios a) at 30°C, using 26 mM H, O, as substrate in 50 mM
potassium phosphate buffer (pH 7.0). The degradation of
hydrogen peroxide was followed at 240 nm and the activity
was calculated using a molar absorption coefficient for H,
0O, of 39.4 M~* cm ' [18].

2.3. Effect of additives concentration on enzyme stability

Aqueous solutions with various concentration of betaine
(0.5, 1, and 5% wi/v), polyethylene glycol (1, 5, and 10%
wi/v), glutaraldehyde (0.2, and 0.6% v/v), ethylenediamine
(0.2, 0.5, 1, and 5% v/v), n-butylamine (0.2, 1, and 5% v/v),
and 1.6-diaminohexane (0.2, 0.5, 1, and 5% v/v) were added
to 300 U/ml native catalase, pH 7.0 (phosphate buffer). The
reaction mixtures were incubated at 30°C, and after 24 h the
enzyme activity was assayed.

2.4. Half-life time of native and treated with different
additives catalase

Samples containing 300 U/ml native catadlase were
treated with water solutions of respectively: polyethylene
glycal (1, 5, and 10% w/v), glyceral (5, and 20% v/v), BSA
(0.5, and 2% w/v), casein (1, and 5% w/v), glutaraldehyde
(0.001, and 0.2% v/v), n-butylamine (0.5, and 1% v/v),
ethylenediamine (0.5, and 1% v/v), 1.6-diaminohexane (0.5,
and 1% v/v), BSA/glutaraldehyde (0.5% w/v/0.001% v/v),
casein/glutaraldehyde (1% w/v/0.001% v/v). The prepara-
tions were incubated in phosphate buffer pH 7.0, a 4 and
30°C, for severa days. The enzyme activity was assayed at
proper time intervals.

All the experiments were carried out in triplicate and the
results represent mean values with less than 2% of error.

3. Reaults and discussion

3.1. Sorage stability of catalase

Various additives in different concentrations were stud-
ied in order to evaluate their effect on the catalase storage
stability at pH 7.0 and 30°C (Table 1). The increase of
additives concentration did not affect significantly the cata-
lase activity at the above conditions, except for the glutar-
aldehyde. When glutaraldehyde, a bifunctional reagent, was
added at higher concentration, the enzyme activity de-
creased. Possibly the reaction of the aldehyde groups with
the amine groups of catalase, promoted cross-linking of the
protein chains, blocking the active site of enzyme, and there
from resulting in enzyme inactivation during the stabiliza-
tion process.

The storage stability of native and additives treated cata-
lase was studied both at 4 and 30°C (Table 2), to simulate
refrigerated and ambient conditions. At 4°C, the highest
half-life time values were obtained in the presence of poly-
ethylene glycol (10% wi/v), glycerol (20% v/v) and glutar-
aldehyde (0.2% v/v), while at 30°C the polyethylene glycol
(5% wiv), glyceral (5, 20% v/v) glutaraldehyde (0.2% v/v)
and BSA/glutaraldehyde (0.5% w/v/0.001% v/v) induced
the best stabilization effect. The denaturation of the en-
zymes in agueous solution proceeds through hydratation of
the protein. The role of the polyols in enzyme stabilization
is as a water-structure maker, which depresses the hydrata-
tion of the protein. The polyol molecules are preferentialy
excluded from the surface layer of the protein molecule and
the water shell around the protein molecule is preserved, so
that the conformation of the protein becomes more rigid
[5,19].

The storage stability of native catalase treated with dif-
ferent additives was studied additionally at stress condi-
tions, eg. pH 10.0-12.0, and 60 and 70°C. For al the
treatments, the residual activity was determined after 10 min
incubation in the corresponding medium. The enzyme re-
sidual activity decreased with the increase of the alkalinity
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Table 2
Half-life time of native catalase and catalase treated with different
additives

Catal asefadditives Concentrations of Half-life time
additives (days)
4°C 30°C
Catalase 300 U/ml 14 11
Catalase/polyethylene glycol 1% (wiv) 5 22
5% (wiv) 7 36
10% (w/v) 39 32
Catalase/glycerol 5% (v/v) 84 42
20% (viv) 102 77
Catalase/BSA 0.5% (w/v) 15 20
2% (wiv) 14 19
Catalase/casein 1% (wiv) 11 21
5% (wiv) 10 4
Catalase/glutaraldehyde 0.001% (v/v) 6 22
0.2% (v/v) 180 60
Catalase/ethylenediamine 0.5% (v/v) 11 23
1% (v/v) 21 21
Catalase/n-butylamine 0.5% (v/v) 12 10
1% (viv) 12 15
Catalase/1.6-Diaminohexane 0.5% (v/v) 11 7
1% (v/v) 12 6
Catalase/casein/glutaraldenyde 1% (w/v)/0.001% 10 3

(VvIv)
0.5% (w/v)/0.001% 11 43
(VvIv)

Catalase/BSA/glutaraldehyde

and the temperature of the reaction mixture (Table 3). At pH
10.0 and 11.0 the polyethylene glycol and the glycerol were
the only additives to improve the enzyme stability. How-
ever, at pH 12.0 the catalase did not present any significant
residual activity independently on the additives treatment.
Unfolding of the protein structure takes place under thermal
stress, due to disruption of the hydrogen bonds and the other
interactions, responsible for the maintenance of the tertiary
enzyme structure. The precise orientation of the residual
groups in the protein backboneis lost, and interaction of the
water molecules with the newly exposed regions occurred,
resulting in protein denaturation. The high capability of

Table 3

—s— Catalase
100+ —e— Polyethyiene Glycol
~—x— Glycerol
—a— Betaine
—v— n-Butylamine

—+— 1.6 - Diaminohexane

Relative activity (%)
3
i

Fig. 1. pH profile of catalase activity in the rpesence of aditives (incubation
for 24 h, a 30°C)

polyols to form hydrogen bonds should play the most im-
portant role in catalase stabilization, increasing the degree
of organization of water molecules [8,9].

3.2. Effect of alkalinity on enzyme activity

The pH of the environment has a considerable influence
on the performance of any enzyme. We studied the pH
dependent behaviour of native catalase in the presence of
different additives (in concentrations 1% (v/v) or (w/v), see
Table 1) in the pH range from 7.0 to 12.0 (Fig. 1). Enzyme/
additives preparations were incubated at 30°C for 24 h, in
phosphate buffer set to the desired pH. The maximum in the
pH profile of enzyme activity - pH 7, shifted toward more
alkaline pH - 9.0 and 10.0. It should be noticed that the pH
maximum for maintaining stability might differ consider-
ably from that for maximum activity. The presence of ad-
ditives usually has a variety of effects on the surface of
protein molecule as well as on the state of ionization of the
enzyme. It may result in changesin the relationship between
pH and stability or activity. The use of additives at different
pHs, probably modifies the charge of protein surface and
consequently changes the isoelectric constant of the sur-

Stahility of native catalase and catalase treated with different additives at alkaline pHs and temperatures of 60 and 70°C

Catalase/additives Concentrations Temperature Residual activity % (10 min incubation)
) pH 10.0 pH 11.0 pH 12.0
Catalase 300 U/ml 60 87.9 235 0.0
70 4.8 0.0 0.0
Catalase/polyethylene glycol 1% (w/v) 60 98.8 48.7 0.6
70 76.1 14.6 0.3
Catalase/glycerol 5% (viv) 60 929 64.5 0.9
70 535 31 0.0
Catalase/glutaraldehyde 0.2% (viv) 60 10.0 13 0.0
70 3.2 0.2 0.0
Catal ase/ethylenediamine 0.5% (viv) 60 13 0.0 0.0
70 0.0 0.0 0.0
Catalase/n-butylamine 0.5% (v/v) 60 56.5 32 0.0
70 0.0 0.0 0.0
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Fig. 2. Temperatufre profile of catalase activity in the prsence of additives
(incubation for 24 h, at pH 7.0)

rounding. In this case, the additives with positive charge
bind to the carboxylic groups of protein and the complex
acquires positive charge. To reestablish electroneutrality,
the amine groups on protein surface bind the hydroxide
anion of water. In thisway, the protein becomes more stable
at akaline pH. Our experimenta results showed that from
al studied additives the most appropriate for catalase sta-
bilization against akaline conditions was the glycerol. At
pH 11.0 the glycerol treated enzyme retained more than
30% of activity compared to the native catalase. Improve-
ment of the enzyme stability, however to a lower extent,
was noticed with the other additives aswell. Asawhole, the
pH range of enzyme activity was widened using additives.

3.3. Effect of the temperature on catalase activity

The effect of the temperature on the activity of native and
additives (in concentration 1% (v/v) or (w/v), see Table 1)
treated catalase was studied within the temperature range of
30 to 60°C (Fig. 2). The enzyme/additives preparations
were incubated in 50 mM phosphate buffer pH 7.0, for 24 at
the corresponding temperature. The temperature profiles of
enzyme activity revealed that the use of betaine, 1.6-diami-
nohexane and glycerol led to a shift of the activity optimum
from 30 to 40°C. However, at 50 and 60°C only the addition
of glycerol improved the catalase activity. Compared to
control measurements at 60°C, the activity of the glycerol
treated catalase increased by 31%. The stabilizing effect of
the glycerol against thermal denaturation of the enzyme
might be explained with the preservation of the water shell
around the protein molecule. In the case of the other addi-
tives, the decrease of activity above 40°C, in comparison to
the native enzyme, might be explained with the occurrence
of cross-linking of the protein molecule. The cross-linking
of the molecules from one side could stabilize the enzyme
rendering the protein structure stiffer. The linkers normally
provoke change in the conformation of the protein molecule
during the cross-linking itself. On the other hand the number
of possible conformations of the polypeptide molecule in-
creases when the linker is longer, i.e. polyethylene glycol.

The thermally induced movement also causes a number of
conformations of the chains, and probably the accumulation
of al the displacements of the molecules impeded the ac-
cessibility of the active center of the enzyme. In other words
inactivation, without denaturation of the protein occurred.
Another explanation could be that the cross-linking limits
the thermal movement of the molecules and greater stress,
which could not be uniformly distributed along the protein
chains, is accumulated in the polypeptide structure, leading
to its disruption. In our experiment the enzyme was dena-
turated, which fact was confirmed by the irreversible loss of
activity, and therefore the second mechanism was more
reliable.

4, Conclusions

This study evaluates the stabilization efficiency of vari-
ous additives on the biocatalyst activity of native catalase.
The experiments revealed that the additives, even in low
concentration (up to 1% wi/v, or v/v) provided better long-
term storage stability at neutral pH and 30°C, without sig-
nificant loss in enzyme activity. The polyols appeared to be
appropriate for short-time storage stabilization of catalase
subjected to extreme environmental conditions —both high
alkalinity and temperature. The application of additives
widened the pH and temperature profile of enzyme activity,
and shifted the activity optimum toward the region of more
alkaline pH and higher temperature. From al studied addi-
tives the best stabilizing performance was induced by the
glycerol. From the above considerations it could be sug-
gested that the stabilized catalase could be potentially ap-
plied for degradation of residual peroxide in textile bleach-
ing baths, thereby providing water and energy savings.
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